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Second  Subdivision, 

METALS. 


Till!  Metallic  Ehmfn(»  or  Pure  Metals  are  solid  at  ordinary  tonipcraturos, 
with  the  exception  of  Mercury,  which  is  liquid — never  ffnscous:  they  nre 
all  however  fusible,  ami  for  the  most  part  volatile  at  high  teniperaiures. 
Their  specific  gravity  lies  between  0-800  and  22'000.  Some  of  the 
itK-tals  are  brittle,  and  are  known  as  the  lirktle  Mela/i  or  Scniinutah; 
oihern  yi'dd,  without  breaking,  to  the  blow  of  a  hammer  or  to  pressure, 
Au>\  may  bo  formed  into  plates  or  drawn  out  into  wire  by  mechanical 
iiif'uai>:  these  are  the  MalhalAe  or  Perfect  Metals,  Exteiiaihle  and  Ductile 
Metalt.  Their  crystalline  forms  belong,  some  to  the  regular,  others  to  the 
rhoiubohedral  system.  The  metals,  if  not  absolutely  opaque  (since  gold 
to  rcry  fine  lamina;  is  translucent)  arc  yet  the  most  impervious  to  light 
of  all  known  bodies;  they  are  distinguished  also  by  a  jicculiar  luatro 
I  with  their  opacity,  which  only  disappears  when  they  are 
M  a  tttate  of  fine  powder,  and  is  again  restored  by  pressure  with 
.'  steel,  which  produces  a  continuous  surface;  they  are  also 
iiictors  of  heat  and  electricity. 
All  the  metals  unite  with  oxygen,  the  combination  being  sometimes 
attended  with  development  of  light  and  heat:  when  thus  combined,  thoy 
(^nerally  lose  their  metallic  lustre.  From  this  union  with  oxygen  there 
»rc  pniJuced — besides  several  suboxides  and  peroxides — a  great  number 
uf  Kilitiable  bosofi,  and  likewise  a  few  acids,  for  the  most  part  not  very 
nciwtrful.  Sonic  of  the  metals  when  oxidized  retain  their  oxygon  with 
but  a  feeble  adinity,  and  at  a  somewhat  elevated  temperature  give  it  off 
c'tnpktcly  in  the  stale  of  gas; — Noble  Metals,  reducible  by  heat  alone; — 
■  idii'M  retain  it  much  more  powerfully,  and,  to  whatever  temperature 
\h'  V  m«v  be  heated,  either  give  tip  no  oxygen  at  all,  or  only  a  part  of 
rljit  witu  which  they  are  combined,  so  that  their  reduction  to  a  reijuiit* 
or  111  the  metallic  istalo,  can  only  bo  ofl'ected  by  ignition  with  charcoal 
•r  Kinie  other  combustible  Bubstimcc: — Ltxtc  nictaU,  not  reducible  by  lieai 
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2  METALS. 

The  number  of  metals  hitherto  discororcJ  amonuts  to  49  (or  51,  if 
Niobium  and  Ilmcnium  be  included);  thej  may  bo  arranged  in  the 
following  groups : 

A.  LiaiiT  Metals.  Tlio  specific  gravity  of  these  metals  lies,  as  far  as 
is  yet  knovm,  between  0'860  and  5-000. — These  metals'possess  a  remark- 
ably strong  affinity  for  oxygen,  many  of  them  rapidly  decomposing 
water  at  onlinary  temperatures.  Their  compounds  with  oxygen  gene- 
rally play  the  part  of  salifiable  bases;  one  only  has  a  more  acid  character, 
and  a  few  are  either  peroxides  or  suboxides. 

The  Light  Metals  are: 

a.  Alkali-Metah.  Those  namely  by  whoso  union  with  oxygen  are 
formed  the  AlkalU  mentioned  at  page  4,  Vol.  II.,  and  distinguished  from 
Ammonia  or  the  volatile  alkali,  by  being  fixed  or  permanetU  in  the  fire. 
They  decompose  water,  even  at  0',  with  great  violence.— Potassium, 
Sodium,  Lithiu-m,  Barium,  Strontiu.m,  and  Calcium. 

6.  Earth-MetaU.  So  called  because  with  oxygen  they  generate 
the  Earths  (11.,  4);  these  met.ils  slowly  decompose  water  at  ordinary 
temperatures,  and  for  the  most  part  with  ease,  when  aided  by  heat  or  by 
the  addition  of  an  acid. — Magnesium,  Cerium,  Lantuanum,  Didymium, 
Yttriu.m,  Erbiu.m,  Terbiu.m,  Glucinum,  Aluminum,  Thorinum, 
Zirconium,  and  Stlicium. 

B.  Heavy  Metals.  The  specific  gravity  of  these  metals  lies  between 
5'308  and  22-000;  some  of  them  are  brittle,  others  malleable;  their  melt- 
ing points  differ  considerably.  Some  are  capable  of  separating  oxygen 
even  from  its  combinations  with  the  light  metals,  whilst  others  manifest 
but  little  affinity  for  that  element. — Their  oxygen  compounds  are  either 
lleavij  Salifiable  oxides,  (see  Vol.  II.,  pp.  39,  40)  or  Metallic  Acid*, 
Suboxides  and  Peroxides. 

The  Heavy  Metals  arc: 

a.  Base  Metals  not  reducible  hy  heal  aloM :  these  are, 
a.     JirittU,  and  also 

a  a.  Difiictdtly  fiuible. — Titanium,  Tantalum,  Niobium,  PELOpitTM, 
TuNosTEN,  Molybdenum,  Vanadium,  Ciiro.miu.m,  Uranium,  and  Man- 
ganese. 

Q  Q.  Easily  fusible  or  Volatile. — Arsenic,  Antimony,  Tellurium, 
and  Bismuth. 

C.  Malleable. — Zinc,  Cadmium,  Tin,  Lead,  Iron,  Cobalt.  Nickel, 
and  Copper. 

b.  Noble  Mdals,  reducible  hy  heat  alom. — Merci'ry,  Silver,  Gold> 
Platinum,  Palladium,  Riiooiu.m,  Iridiu.m,  Ruthenium,  and  Osmium. 
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r,,. *.■,•)/»,    Kalimtiall,    Kalibasis;   improperly;   Hydrui-et  <if  Potaaft, 

'  r, 

;i.     The  tenn  AlinH  was  applied  by  the  Arabians  to  tiie  carbo- 

tv  vf  Kudit  found  in  the  nshetj  of  murine  jilants.      The  same  appollution 

I  afterwards  oxteuded  to  carbonate  of  ammonia,  and  likewise  to  the 

c»rb<>ii3t<i  of  potash  found  in  the  iLshe^  of  laud  plants),  which  was  long 

-  -      1-1        ^Icntical  with  carbonate  of  {■oda.      It  was  soon  discovered 

alk.alinc  carbvnatcs  are  rendered  much  more  causliu  by 

til    lime;  and   hence   the    .l/i7i/  (i.  e.  carbonated)  alkalix  were 

111  from  the  Cunttic  (».  r.  puri.>) alkalis.     Black,  in  17.'i(i, showed 

liie  to  the  abotnietion  of  carbonic  acid  from  the  mihl 

II  of  the  lime;  and  IIid  tiicory  afterwards  proponed  by 

ITlil — whu   Dupposcd  that  tho  burnt  limo   imparted  to  tho 
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iniUl   alkalis  a   peculiar   principle  of  cansticitj',   tiie   so-called   Ac        _ 
pinffii^ — was  quickly  refuted  and   abandoned. — The  older  clieniist«  dis- 
tinguished nminonia,  its  tlio  Vntufilf  Alhdi,  from  llie  two  Fixnl  Alkalis; 
anil  of  these — after  their  difl'cronces  had  been  pointed  out  by  Duhaniel  in 
173(5,   and    Mar^graf  in   XI'iH — jiutatjh  received   the   name  of    Veijetaile 
Alkali,  so<la    that   of   Minrral    Alkali,   inaamach    iia    potash   was  found 
chiefly  in  plant-ashes,  soda   in   rock-salt.      But    Klaproth   showed    that 
potash  exists  in  many  ■widely  dilfused  minerals,  and  consequently   that 
the  name  of    Vegetable  Alkali  cannot  properly  be  applied  to  it.     Accord 
ingly,  the  t«rm  Xali  was,  at  his  suggestion,  adopted  in  Germany  to  desij^ 
nate  this  substanco.     The  French,  on  the  other  hand,  invented  the  wot 
Fotaise*  to  distinguish  the  pure  alkali,  deriving  the  term  from  the  Germa 
word  Poltaeche,  which  probably  owes  its  origin  to  (he  use  of  iron  pota  ;' 
burning  the  materials  from  whicb  the  alkali  is  obtained. — The  alkalis  an 
earths  were  long  regarded  as  simjile  substances,  although  Lavoisier  hn 
suggested  that  they  were  metallic  oxides,  while  others  had  supposed  that 
they  contained  nitrogen,  and  Tondi  and   others,  by  sulyocting  the  earths 
to  strong  ignition  in   contact  with   charcoal,  thought   that  they  obtained 
metallic  globules, — which,  however,  apjicar  to   have   been  chiefly  forma^ 
from   the   iron  contained   in   the   iugrcdienls    and  in   the    crucible.     I^| 
Humphry  Davy,  in   1807,  first  succeeded,  by  means  of  a  powerful  voltaB 
battery,  in  separating  the  mclala  froin  potash,  soda,  baryta,  strontia,  aqH 
lime,  and  in  obtaining  traces  of  metallization  from  the  earths.     The  e^| 
poriinents    of  Davy    wore    contirmed   and    extended    by    Gay-Lussac   ^H 
Thcnnrd,  (who,  for  a  while,  rcgardrcl   tliuso  metals  as  compounds  of  t^| 
alkalis  with  hydrogen)  and  by  Bcrzcliu.s.     The  discovery  of  these  met^| 
also  led  to  that  of  pure  potash  and  soda;  for  up  to  that  time,  these  sa^| 
stances  were  known  only  in   the  !>tatc  of  hydrates,  and  these  hydratfl 
trere  long  regarded  as  anhydrous  alkalis.  H 

Sources.  As  sulphate  of  jiutash  in  alum,  alum-stone,  and  polyhaliffl 
as  nitrate  on  the  .surface  of  the  earth ;  a-t  -silicate,  united  with  the  earths H 
various  mtncnils,  especially  in   a[)opliyUite,  potasli-harmotonie,  chabasitM 

{)earlstonc,  putnicestone,  obsidian,  felspar,  Icucite,  niici,  lepidolite,  echonj" 
laiiyne,  pinite,  latrobite,  noi>holin;  in  all,  or  the  grcatir  number  of  the 
clays  (Mitsclierlich,  Lekrb.  2,  I!));  also  in  small  quantity  in  limestones  oL 
the  most  various  formations,  in  native  oxide  of  manganese,  specular  iroM 
ore,  &c,  (Kulihnann,  Wohler  &  Boriuger,  Ann.  Pharm.  41,  124  afljl 
220);  as  chloride  of  potassium,  sublimeil  from  volcauos,  and  sparingly,  M 
rock-salt;  a.s  .sulphate,  chloride,  bromide,  or  iodide  of  potassium,  in  smlH 
quantities,  in  sea  water,  iu  the  water  of  the  Dead  Sea,  and  in  scvcjfl 
salt-springs  and  other  miuorul  waters  (vid.  Draylay  and  Cull",  I'liil.  J/oH 
Ann.  .O,  411,  7,  D):  in  organic  bodies,  as  carbonate,  pho.sphute,  sulpha^l 
hydrochloratc,  nitrate,  and  in  uiiiim  with  organic  acids.  fl 

Prfparaiion. — 1.  Slightly  moistened  h3'drate  of  potash  is  placed  upM 
a  platinum  capsule  att.iciied  to  Iho  negative  polo  of  a  voltaic  battery  cofl 
taining  from  lOU  to  200  jwirs  of  plates,  and  toucliod  by  a  jdatinum  WH 
proceeding  from  the  jiositive  pole.  The  liyilnite  liquefies,  and  the  globuM 
of  potassium,  as  they  appear  on  the  plate,  are  tiiken  away  and  put  iiM 
rock-oil  before  they  can  take  fire.   (H.  Davy,  I.,  458.)  fl 

*  In  English,  the  terms  Polaih  and  Polana  are  used  almoct  indiscriminatrly;  iH 

latter  U  more  uniform  in  termination  with  soda,  lithio,  baryta,  Ac;  but  the  former  iH 

I    the  advantage  in  point  of  brevity  and  fucilitj  of  prouanciatioD. — [W.]  ^M 
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2.  A  gnn-barrol  cleaned  insitle  is  bent  upwards  nt  the  tJiick  end  at  a 

rcty  olitii«o  angle,  ami  liowiiward  at  Jlie  other  end,  for  about  four  inches, 

ili>;  mi<l<lle  part  being  laid  horixontaJly  iu  the  furnace.     The  middle  part 

i<  civ.Tcd  vrilli  a  luting  composed  of  1  part  of  clay,  o  parts  of  8au<l  sifted 

M    '   iL'h  a  hair  sieve,  and  a  .<niall   qnantitj  of  horae-dung;  this  lulinj^  ia 

.  dritd  and  the  craeku  filled  up  with  fresh  material.     The  middle 

f  the  gun-barrel  is  filled  with  400  grammea  or  more  of  iron   turu- 

iu«p<.  harpi^icliord  wire,  and  iron  filin<i:s  (filings  alone  stop  up  the  tube  too 

much),  and  120  grammes  of  pure  hydrate  of  potash  are  put  into  the  upper 

»i)d.     The  lower  cud  ia  connected  airtight  with  a  copper  receiver,  having 

n  tul>c  adapted  to  its  opposite  aide  to  carry  away  uncondensed  gaees.  Tho 

firo  is  raised  by  the  bellows  to  a  dull  white  heat,  after  which  tho  upper 

end  of  the  gun-barrel,  which  baa  meanwhile  been  kept  cool  by  meana  of 

wet  clotht),  if  allowed  to  get  gradually  warm.     The  hydrate  then  fuses, 

and   is  decomposed   by  the   iron,  and  tho  hydrogen  gaa  and  potassium 

vapour  thereby  produced  escape  by  the   lower   end  of   the  gun-lmrrcL 

(.ScA.  SO.)     The   process  generally  yield.s  about  80  grains  of  potassium. 

(G»y-Luesac  &  Thenard.)     Berzclins  heats  the  gnn-barrel  to  redness, 

■  isse*  hydrogen  gas  ilried  by  chloride  of  calcinni  through  it,  in  order 

it  from  oxide  of  iron  before  using  it.     The  process  often  fails  in 

|uence  of  the  coating  of  clay  breaking  and  falling  off.     For  this 

•  ^luutcll  encloses  the  gun-barrel  in  a  tube  of  baked  clay,  of  such  a 

tho  expansion  of  the  gun-barrel  by  the  heat  may  not  burst  it, 

.le  of  potu;^h  may  also,  while  the  tube  is  in  a  state  of  ignition, 

imluced  by  the  upj)er  opening,  and  the  aperture  immediately  closed 

.  and  a  short  glass  tube-funnel  (tho  neck  of  a  broken  retort)  may  bo 

ijiti-J  to  the  lower  end  of  tho  gun-barrel  and  made  to  dip  a  little  below   j 

bf  Furf.K-e  of  rock-oil  contained  in  a  ghiss  receiver:  with  this  ai'rango- 

the  progress  of  the  operation  may  be  watched  by  the  escape  of  gaa- 

•  <,  and   the  appearance  of  the  drops   of  potaisiura.    (Gm.)      Tho 
Wtliod  recommended  by  Tennant — which  coutists  iu  heating  to  whiteness 

mixtnre  of  hvdnite  of  potash  and  iron  filings  in  u  short  gun-barrcl 
cli>.vi'.l  at  the  bottom,  and  having  a  narrow  tube  fitted  to  its  upper  end^ 
a}>f>ear<  less  uilvantageous  than  the  preceiling. 

3-     a.  A  mixture  of  equal  j>arts  of  carbonate  of  potash  and  charcoal 
'■'"■•"■1  with  a  small  quantity  of  oil — or  burnt  tartar  only — is  heated 
■i  in  a  short,  coated  gun-barrel,  and  the  potassium,  which  rises 
.-I'.iu,.  is  received  upon  thick  cold  rods  of  iron,  held  about  the  twelfth 
an   inch  above  the  mixture,  and  constantly  changed:  from  these  tho 
Dpd  of  potafdium  are  afterwards  scra])ed  with  a  knife  under  rock-oil. 
^timudau,  ScJi.  82.)     Tho  niajsa  must  not  bo  pressed  into  the  guu-barrel, 
•>  ill   bo  thrown  out  by  the  gas  which   i.s  produced.     This  proces.s 
bat  a  SDiall  quantity  of  potassium  mixed  with  much  carbonaceous 
r. 

.\ccording  to  the  method  of  Bninner,   improved   by  Wohlcr,  6 

'.t   of  crude  tartar,  previously  ignited  in  a  covered  erncible   and 

:  with  charcoal  powder,  arc  j>ut  into  a  wrought-iron  quicksilver-bot- 

'  the  mouth  of  which  is  screwed  an  iron  tube  not  more  than  5  inches 

The  bottle  is  then  placed  in  a  powerful  wind-furuace  having  a 

»ti<n-  grate  and  a  chimney  10  feet  high,  and  made  to  rest  on  a  stone  at 

tb«'  b'lrk,  while  the  tube  passes  through  the  wall  of  the  furnace  in  front. 

The  li>  :it  i«  raii-'cd  till  a  gas,  which  takes  fire  spontaneously,  and  a  green- 

Uh  >ajioiir,  make  their  aiipcarance;  and  the  end  of  the  tube  is  then  con- 

HWteii  with  a  receiver  of  iron  or  copper  contaiuiug  rock-oil,  surrounded 
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with  cold  water  wliich  i«  frequently  changed,  and  having  a  Tcnt  for  ll»a_ 
carbonic  oxido  evolvoil  during  the  ]irocc8a. 

In  Lii!l)i^''8  laliorntcry,  tlio  furnace  is  so  constracted  tliHt  the  but 
may  lie  hoatoil  by  fliinic  iiij'toail  of  by  direct  contact  with  cborc<«al  orcok 
The  uiorcury-boUlo  ^uncnilly  contains  some  fjlobnlca  of  mercury,  whii 
intut  bo  exi>ellod  by  jircvioiisly  hcalius;  the  bottle  and  blowiiii;  oni 
vapour  of  inercurv  with  a  pair  of  bellows.  Ini^tead  of  a  mercury-bolt 
Kukla  recommenJi  one  made  for  the  purpose,  of  thick  iroii-plato.  (Z* 
$ehr.  Phy».  v.  W.  5,  408.) — As  these  iron  bottlei!  gradually  burn  a* 
and  become  perforated,  and  consequently  do  not  last  for  more  tlmn  one  ( 
two  operations,  it  baa  been  recommended  to  cover  them  with  lutini;; 
as  the  luting  easily  falls  off  and  does  not  ap|)ear  to  alTor)]  much  prot 
tion,  SohUJler  and  Werner  {J.  pr.  Cham.  14,  267)  surround  the  botll 
■with  a  wire-net:  on  this,  the  former  Applies  a  luting  composed  of  '2  i>art«< 
poQodod  Hosfcian  crucibles,  1  part  of  pipe-clay,  and  some  cow-hair; 
latter  two  or  throe  coatings  of  a  thin  paste  made  of  coarse  quartx-s 
and  a  little  clay.  Anlhon  (Itq>erl.  58,  318)  covers  the  bottle  wilhot! 
any  wire-net  with  a  mixture  of  loam  and  sand;  Gale  (.SW.  Amer.  J.  I!l, 
203;  21,  00)  with  a  luting  composed  of  equal  parte  of  sand,  cUy,  aad 
soap-stone. 

Werner  mixes  20  oi.  of  charred  tartar  with  20  or.  of  fine,  and  3  ox. 
Coarse  charcoal-powiler  (about  the  sire  of  peas),  and  enough  water  just  I 
moisten  the  mass.     Instead  of  burnt  tartar,  a  mixture  of  carbonate  i 
potash  and  charcoal  m.ty  lie  u.sed;  for  example,  31l>.  of  jiearl-aah  ditisolvj 
in  water,  put  into  an  iron  vessel  with  IJIb.  of  line  charcoal  powder  r"' 
stirred  up  with  an  iron  spatula, — then  lilb.  of  coarse  charcoal  added,  i 
the  whole  dried  completely.     An  excess  of  charcoal  jircvents — as  Schadli 
lia*  pointed  out — the  rapid  choking  of  the  tube  connected  with  the  mercul 
buttle  with  carbouaceous  matter,  .'is  well  as  the  fusion  and  projection  i 
the  contents  of  the  bottle.     Kukla  evaporates  to  dryness  a  mixture  i 
8  parts  of  pearl-ash  disirolvcd  in  water  with  1  part  of  flour;  carboninea  t] 
residue;  mixes  it  when  cold  with  sufficient  water  to  moisteu  it  slighllj 
and  puts  it  into  the  llask.     The  addition  of  iron  filings  is  of  no  use,  ev< 
when  hydrate  of  pota^sh  is  emj)loyed,  because,  at  the  temperature  of 
wind-furuaee,  the  iron  does  not  assist  in  the  decomposition.  (Brunncr.) 

The  shorter  and  wider  the  iron  tube  which  connects  the  bottle  wi^ 
the  receiver,  the  less  easily  is  it  choked  up.  It  must  bo  either  screwed  i 
ground  into  the  bottle :  if  the  connexion  is  not  perfect,  the  joint  must  1 
surrounded  with  clay.  The  bottle  nearly  touches  the  front  wall  of  it 
furnace  through  which  the  tube  passes.  This  wall  is  made  either  of  th" 
tiles,  a  piece  of  a  large  black-lejid  crucible,  or  n  plate  of  iron.  The  ojh 
ing  through  which  the  tube  passes  is  closed  round  with  clay.  .Tn.it  ou. 
side  the  furnace,  the  tube  has  a  square  piece  of  iron  with  a  hole  in  tt| 
centre,  soldered  on  to  it,  so  that  it  can  bo  unscrewed  from  the  bottle  I 
moans  of  a  key.  The  neck  of  the  receiver  approaches  very  near  tb 
piece  of  iron,  and  receives  about  an  inch  of  the  tube,  which  is  made  to 
closely  into  it,  and  reaches  just  into  the  receiver  itself. 

Theliest  form  of  receiver  consists  of  two  copper  vessels,  the  lower  i 
which  is  open  at  ton  and  filled  from  one-third  to  one-half  with  rock-oB 
while  the  upper,  which  is  open  below,  pas-scs  loosely  into  the  lowc 
and  reaches  to  the  bottom  of  it.  so  that  the  rock-oil' forms  the  jois. 
between  them.  The  upper  vessel  has  three  onenings  on  throe  of  It 
Bides  towards  the  top.  Through  one  of  these  holes  tlio  iron  tul>c  pB*«)*^ 
and  the  one  opposite  to  it  is  maxlo  a  tittle  smaller,  aud  may  bo  closed  with 
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a  cork.  Throngh  tLis,  when  Uie  iron  tube  begins  to  bo  cLokcd  wilh 
oubonnccous  matter,  a  hollow  liorcr  with  a  long  wooden  cross  liandlo  is 
pftaecd  and  btirrvd  ubuut  in  the  tube  till  a  frco  pas^iige  is  made.  This 
must  be  done  as  often  ns  a  diminished  escape  of  gas  appears  to  indicnta 
lliat  a  etopjmgc  i«  forming.  If  a  complete  stoppage  is  actually  formed,  it 
becomew  difficult,  or  even  impossible  to  restore  a  iiuss.-igc;  but  even  if  the 
attempt  is  miccessful,  m;issca  of  burning  potassium  may  be  forcibly 
thrown  out  by  the  sudden  expansion  of  the  compressed  gas  in  the  bottle, 
aud  occasion  injur}'.  To  prevent  accidents,  the  hands  should  lie  protected 
yilh  jjloves,  and  the  operator  should  stand  out  of  the  way,  so  as  not  to  be 
•truck  by  the  projected  matter.  The  potassium  adhering  to  the  borer 
mn»t  lx»  quii-kly  scraped  otf  into  rock-oil  kept  in  a  sniull  mortar,  and 
covr     '  with  a  ]ilate,  if  it  takes  fire. 

the  third  ojiening  of  the  u[ipor  part  of  the  receiver  the  car- 

'  I H.     This  gas  is  a^-comjMiMiod  by  vaponr  of  rock-oil,  and 

.  cloud  of  crocouaceous  matter,  by  which  it  is  rendered 

■  uuuuIjIc;  and  as  it  is  still  hot  when  it  issues  from  the  o]Hming  in 

>.<<r,  if  (:ike«  Cre,  and  bums  slowly  with  a  dull  red  light,  often, 

out  into  a  strong  bright  fl.'ime,  To  prevent  thiscombus- 

iiie  time  preserve  the  crocouaceous  matter,  the  goH  is  con- 

ilucU^I  from  the  third  opening  through  a  tin  tube  3  feet  long,  into  an  iron 

Ixittlc,  where  a  great  deal  of  crocouaceous  matter  is  deposited.     Aft<5r 

this  the  carbonic  oxide  c^'cnping  from  the  open  bottle  no  longer  takes 

Cro,  bccaufcC  it  i(>  much  cooler  and  contains  loss  crocouaceous  matter.     It 

»till,    however,    retains  a   peculiar   smell,  and  excites  coughing.     Gljws 

tul>r«  and  bottles  must  not  bo  need,  becniitc  the  croconaoeous  matter  de- 

jKmiled  in  ihcm.  after  it  has  attracted  a  little  moisture  from  the  air, 

explodes   violently — sometimes  spontaneously,  and  sometimes  while  the 

TCswls  are  being  washed  out  with  water,  and  breaks  them  to  jiieces. 

The  lower  division  of  the  receiver  is  immersed  in  nn  iron  pan  filled 
with  cold  water  or  ice;  the  ice  or  water  is  frequently  renewed,  but  with 
great  care,  6o  that  no  water  may  get  between  the  two  parta  of  the  re- 
ceiver. 

The  rock-oil  must  be  rectified  and  free  from  water:  that  which  distils 
over  during  the  latter  part  of  the  rectification  is  to  bo  preferred,  beeauso 
It  it  less  volatile. 

With  a  low  fire,  the  decomposition  of  the  potash  does  not  proceed 
■•ti«fnctorilr;  and  if  the  fire  bo  stronger  than  required,  the  mercury 
bottle  is  nipiiUy  bnmcil  nway.  The  supply  of  coals  should  be  well  kept 
np,  otherwiiie  the  (ire  will  get  too  low,  and  the  subsequent  addition  of 
c»ild  fuel  will  cool  the  bottle  down  nnil  interrupt  (he  oiH-ration.  It 
tnkes  from  three  to  four  hours  to  decompose  the  whole  contents  of  tho 
bottle.  Frequently,  however,  the  process  is  interrujited  before  this,  either 
by  a  hole  being  burned  in  (he  mercury-bottle,  or  by  the  inipos*ibility 
of  ri:in  viii'.'  the  stoppage  in  the  coudiicting-tube.  In  tho  latter  owe,  tho 
ici. .  lie  is  either  lowered  from  beneath  the  mercury-bottle,  or  tho 
1v,  .  iilruwn.  so  that  the  evolution  of  gas  may  not  go  on  and  burst 
le.  Gencnilly,  however,  the  gas  escapes  through  tho  wonn  by 
;.  ;lie  tube  is  screwcfl  into  the  boKlo. 

An  soon  as  the  mixture  is  exhausteil,  or  any  accident  occurs,  the  iron 
mil  containing  the  water  is  taken  from  under  the  receiver,  the  (wo  parts 
(if  wbi'-h  art'  then  bound  together  with  a  clolh,  and  the  upper  one  sepil- 
nicd  from  the  iron  tulto:  a  few  light  blows  of  a  hammer  are  often  neccs- 
mrr  lo  accomplish  this.     Tho  oi>euiug  in  tho  roceiyer  is  closed  with  & 
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stopper,  and  the  whole  left  for  a  while  to  cool.     The  upper  part  of  the 
rewivcr  is  then  taken  out  from  the  under,  and  the  matter  adhering  t 
both  of  them  immediately  moifitened  with  rock-oil,  that  it  may  not  inflaiu< 
in  tlie  air ;  it  is  then  scraped  off  and  immersed  iu  rock-oil.     The  rock-oi 
frequently  takes  lire  during  this  oiteration:  if  so,  it  must  he  extinguish^ 
by  covering  the  receiver  with  a  piece  of  board  or  a  cloth.  By  this  mode  oi 
proceeding,  all  danger  of  explosion  is  avoided.     If,  on  the  contrary,  thm 
operator  leaves  the  receiver  loosely  stopped  for  a  considerable  time — ^sn^ 
over-night — the  most  dangerous  explosions  often  occur  on  taking  it  asuii' 
dor,  masses  of  burning  potassium  being  thrown  about  with  great  violence, 
This  is  not  occasioned  by  the  formatiou  of  an  explosive  gas  (from  ud- 
mixture  of  atmospheric  air  with  the  hydrogen  evolved  in  the  decomposl 
tion  of  the  moisture  in  the  air  by  the  potassium,  or  with  vajjour  of  rock- 
oil):    an  exptoBive  mixture  of  this  kind  would  not  act  so  viulcatly  o: 
scatter  such  quantities  of  matter  about :  moreover,  the  explosion  frequently 
does  not  take  place  till  after  the  receiver  has  been  opened  for  some  time 
and  all  the  exjilosive  gas  must  have  escaped.     The  substance  itself  must, 
therefore,  have  become  explosive  from  the  slow  entrance  of  moUt  air;  an 
the  increased  rush  of  air  which  follows  the  opening  of  the  vessel  eilbe: 
causes  inflammation  and  explosion  at  once;  or  th.it  accident  occurs  durin 
the  scraping  off  of  the  contents  of  the  receiver,  especially  if  the  mass  " 
not  been  carefully  saturated  with  rock-oil. 

[For  an  account  of  these  dangers,  see  esixscially  Pleischl,  2eiiiAr,[ 
Phijg.  V.  W.  3,  326.] 

IT  Wbhler  mentions  an  instance  in  which  the  croconaccous  matter. 
After  being  kept  in  a  sealed  tube  for  ten  days,  and  then  turned  out  into  a 
dry  porcelain  basin,  immediately  began  to  assume  a  purple-rod  tint,  and 
in  a  few  seconds  exploded  with  a  tremendous  report,  and  broke  the  vessel 
to  pieces.  {Ann.  I'hanii.  i9,SfA.)  H 

The  contents  of  tho  receiver  consist  of  globules  of  potassium  and 
carbonaceous  mass,  which  is  a  mixture  of  potassium  and  croconaceous 
matter.  Tho  globules  of  potassium  must  be  picked  out  with  a  pair  o" 
forceps,  washed  with  rock-oil  from  the  black  powder  adhering  to  them, 
ami  preserved  in  a  stoppered  bottle  under  rook-oil.  The  black  residue 
yields  more  potassium  by  distillation  (t'i</.  sfq.);  or,  if  it  contains  but 
little  of  tho  metal,  rhodizonate  or  croconate  of  potash  may  be  separated 
from  it  by  digesting  it  in  water.  (Vid.  liliodhonic  and  Crocovic  Acids.') 

From  tho  iron  tube  also,  which  should  be  unscrewed  as  soon  as  possible 
from  the  bottle,  after  it  has  been  taken  out  of  tho  fire,  more  impure 
potas.sium  may  bo  scraped  after  it  has  been  cooled,  and  the  coutents 
soaked  in  rock-oil.  Pleischl  obtained  from  36  oz.  of  carbonized  tartar 
(produced  from  6  lb.  of  tartar)  mixed  with  6  oz.  of  charcoal,  0^  oz.  of 
potassium,  or  9-2  per  cent.  From  9fi  lbs.  to  1 20  lbs.  of  coals  were  burned 
during  the  operation.  100  parts  of  tartar  contain  21  parts  of  potassium, 
so  that  about  one-half  is  obtained.  Much  more  than  this  can  hardly  bo 
expected,  considering  the  many  sources  of  loss  from  perforation,  the  for- 
mation of  croconaceous  matter,  &c.,  &c.  In  most  cases  tho  product  is 
much  less. 

Purification.  The  potassium  obtained  by  the  third  method  is  me- 
chanically, or,  according  to  some,  chemically  combined  with  carbou-ieedua 
matter.  The  croconaceous  matter  united  witli  the  iM.i:isMiim  imparts  a 
reddish-j-ellow  colour  to  the  solution  when  the  jxitn  it  into  water. 

Purification  by  FUtratioji.     The  impure  \»^\a  up  in  a 

linen  Iwg  heated  to  60°  or  65°  (140°  or  140"  ]■    .  :  •  with  a 
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jMiir  of  wooden  tongs.  (Tbe  l)lnck  residue  still  contains  potassinm,  which 
mav  be  recovered  by  distillutinn.)  The  potassium  thus  pressed  out,  is  as 
free  from  carbon  as  that  which  ia  purilied  by  distillation,  but  the  loss  by 
oxidation  is  ercater.  (Pleisichl.) 

Purifeation  hi/  dUtilhition. — By  this  method  not  only  may  the  purer 
portion  of  the  potassium  be  obtained  quite  free  from  carbon,  but  likewiao 
the  carbonaceous  mass  may  be  made  to  yield  a  considerable  quantity  of 
iLu  luotuJ.  Iron  vessels  are  better  adapted  for  the  distillation  than  glass 
v«i88cl8.  Into  the  wide  neck  of  a  wrought  or  cast-iron  bottle,  a  short, 
bent,  pistol-barrel  is  inserted :  the  bottle  is  filled  with  the  potassium  or 
(mrbonaceoos  matter,  and  very  slowly  raised  to  a  strong  red  heat  in  a 
iwsH  nir-fnmace,  the  tube  having  been  previously  adjusted  in  an  inclined 
The  rock-oil  a<lhcring  to  the  potassium  passes  over  first  into 
-  vessel  jireparod  to  receive  it,  and  then  the  potassium  follows. 
Part  of  tbe  metal  condenses  in  the  tube,  so  that  towards  the  end  of  the 
distillation  the  greater  part  of  the  tube  must  likewise  be  surrounded 
with  fire.  To  prevent  the  rock-oil  from  taking  fire  in  the  receiver,  the 
short  neck  of  a  broken  retort  should  bo  adapted  by  means  of  asbestos  to 
the  end  of  the  pistol-barrel,  and  passed  into  the  receiver,  which  it  should 
closely  fit,  so  as  to  dip  just  below  the  surface  of  the  rock-oiL  Even  when 
tbo  black  mass  has  been  subjected  to  distillation  in  this  manner,  it  may 
etill  give  rise  to  dangerous  explosions  on  being  exposed  to  the  air  and 
ecraped,  after  cooling. 

The  potassium  is  preserved  under  rock-oil  in  very  close  vessels  capa- 
ble of  holding  but  a  small  quantity  of  air,  or  in  hermetically  sealed  glass 
tabes. 

PropMiai.  Silver- white,  with  a  strong  lustre;  specific  gravity 
^  0'?6507.  (Gay-I.ussac  &  Thenard.)  Crystallizes  by  sublimation  in 
cubes;  its  cut  surface  also  shows  cubical  markings  (Plcischl,  Zeiisclii: 
J'ht/t.  r.  \V.  3,  1):  when  broken,  it  exhibits  small,  shining,  crj'stallizod 
face*.  (Sir  H.  Davy).— At  0^  it  is  brittle;  at  19"^  ((Jb'^"  Fah.)  soft  as  wax; 
bpjritm  to  melt  at  2.'j°  (13G'4^  Fah.). — Sublimes  in  green  vapours,  at  a 
Hire  below  redness.  It  is  a  very  good  conductor  of  heat  and  a 
Muductor  of  electricity.  (H.  Davy.) 

Atomic  weight  of  potassinm ;  39"144.  (Pelouze,  Compt.  rend.  20,  H7)j 
30  (Maumen&  X  Ann.  Chitn.  Phys.  18,  41.) 

Compounds  of  PoCatsium. 

PoTASSICM    AND   OXYCEK. 

A.    Suboxide  op  PoTAssinM. 


This  compound  is  formed:  I.     When  pota&si urn  in  thinlaminto  is  left 

ia  contact  with  a  small  quantity  of  air  in  a  close  vessel. — 2.  When  prot- 

cii,i.>    iir   jteroxide    of  potassium   is  heated  with   potassium.  —  Forms  a 

ni-y  brittle  mass  without  metallic  lustre,  exceeding  potassium   in 

.•ruvity.      Very  fusible.     Takes  fire  in  the  air  often  at  20°  or  2r>" 

'    Fall.),  and   becomes  peroxidized;  decomposes  water,  without 

„.....:..  I    taking  fire.  (H.  Davy,  Gav-Lussac  &  Th6uard.)     Probably,  a 

arrv  mixture  of  potassium  and  potash. 
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B.     P0TA8U.     KO. 


Polaua,  Vroloitide  o/"  PotaMtum,  Ytg^able  AlMi,  Pfanjtnlmiga\tah, 
Fixed  Vegftahfe  A  Ikali,  Kali,  Potaw,  Oxyde  de  PottiMium. 

Formation,  Potaaisiuni  in  contact  with  tnoiat  air  or  oxjgon  gu  at 
ordinary  tcmjwnitureg,  gnwlimlly  Jecompoeea  a  portion  of  tlio  ■W!it<?r,  and 
in  converted  into  liydratu  of  )>otuBh.  lu  cold  dry  nir  it  remains  un- 
clmngcd.  (Bonsdortf.)  TLo  niotal  decomposes  water  with  great  evidutiun 
of  licat,  wliicii,  when  mtygen  pas  is  present,  (>cls  fire  to  tlio  hydrogen 
evolved,  and  likewi;4e  totlio  potiissintn  itself.  If  poUtfsiuni  bc]iutroduccil 
into  a  veoscl  fdlcd  with  water  and  standing  over  mercury,  a  •oliitiui)  of 
potoiih  isobtaiucd,  heat  being  generated  and  hydrogen  gas  rapidly  cvolvod. 
Potn^sium  thrown  on  water  burns  with  a  white,  red,  and  violet  Uanic : 
the  little  glowing  bail  of  peroxide  which  remains  finally  dist,olvcH  in  tho 
wntcr,  witli  explosion.  Tho  aanie  combustion  occurs  u])'jn  ice.  If  the 
burning  globules  of  pota8.sium,  aa  they  swim  about  on  the  water,  aro 
Btnick  with  a  spatula,  an  exploHion  follows.  (Couorbe.) — If  a  small  piece 
of  potassium  be  thrown  ui)ou  a  8nrfa<"0  moistened  with  water  in  snch  a 
manner  tlmt  it  may  rrlKiuud  from  thence  to  a  dry  plaee,  it  will  continue 
(0  bum.  Tho  pnluKsium,  therefore,  at  first  evolves  hydrogen  gas,  which, 
together  with  tho  potassium,  is  set  on  lire  i>y  the  heat  produce«l :  tho 
further  production  of  flanio  is  due  princijially  to  tho  combustion  of  the 
pota*i(iium.  Dilute  Hcids  behave  in  the  snmo  manner  as  pure  water,  bat 
their  afTmity  for  pot.ish  induces  a  more  rapiil  oxidation  of  the  potassium. 
[  For  the  motions  of  potassium  on  mercury,  vid.  Vol.  I.  p.  3.17.  J — 2.  Potas- 
sium— ritlicr  at  ordin.iry  tem)K>raturos  or  at  a  heat  not  above  red- 
ncM  —  decomposes  carbonic  oxide,  carbonic  acid  {Schmu  21),  borucic, 
pliosphoric,  sulphurous,  and  sulphuric  acid — nitrous  and  nitric  oxido  gas 
—nitrous  and  nitric  ooid,  (if  tho  nitric  acid  bo  concentrated,  a  very  dan- 
gerous explosion  ensues  Kn/i/mniiri),  arseniou!!,  arsenic,  niolyl»dic, 
tungstic,  ancl  chromic  acids;  also  the  oxides  of  titanium,  chromium,  ura- 
iiiuu\,  mang.ancse,  cobalt,  lollurium,  bismuth,  and  rijic;  tho  tliree  osidca 
of  antimony,  tlin  two  oxides  of  tin,  the  llirce  oxides  of  lead,  the  two 
oxidcN  of  imn,  tho  two  oxides  of  coi>per,  and  tho  two  oxides  of  mercury; 
al"o  lht<  oxides  of  nickel,  silver,  ami  platinum.  In  most  eases,  a  completo 
ri!<luclion  of  the  heavy  mctiil  t.ikos  pliiro.  Oxido  of  load  contained  in  a 
a\nt)t  tube  in  likowitin  reduced  by  heated  potassium. — Lastly,  ftota^sium 
decomjioNCH,  with  the  aid  of  heat,  all  nirbonates,  phosidiates,  sul]ihites, 
nulidiatofi,  nitraleii,  ar^enitcN,  and  arfcniuten  (but  not  the  bonttes):  in  thio 
action,  it  withilrawo  the  oxygen,  not  only  from  the  aciil,  but  also  from 
the  bn*e,  when  the  latter  in  the  oxiih'  of  a  heavy  metal. — Most  of  the 
above  ilKCiiniponitionM  are  allendeil  with  development  of  light  and  heat ; 
anil  llie  piiiduel  is  geiii'rnlly  potash,  partly  pure,  and  partly  mixed  with 
a  imrlion  of  the  (iriirlnal  undeeompowd  oxide.  (If.  Davy,  Oay-Lussac 
S  Th<nard.) 

Prrjinrntiiin.     Hf)  irnrls  (one  atom)  of  jiotiissium  are  added  to  9  parts 

iono  atom)  of  water,  in  a  ve»«el  froni  which  nir  is  excluded;  or  3n  parts 
one  Atom;  of  polasiiluni  are  heateil  with  fid  |iarta^U^^^lii)  of  hydntto 
of  potash. — 2.  13y  exposing  jieroxido  of  potM^^^^^n  -'-vig  he^it. 
(11.  iMvy.)  ^ 
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Prttpertm.  Grev,  solid  substnncc,  without  metallic  luatro,  lirittle,  and 
barings  conchuidal  fracture;  Lnrdor  and  apparently  also  huavier  tlian 
tbo  hydrate  of  potash.  It  melts  a  liltlo  above  a.  red  heat,  but  volatilizes 
only  at  a  very  high  temperature.  (H.  Davy,)  Specific  gravity  about 
^  2-(l5G  (Kariiiten).  Inodorous;  hio;hly  cauHtic  to  the  taste,  and,  when 
combinetl  with  water,  the  most  destructive  of  all  alkalis  in  its  action  on 
orgnnie  Eub.stooccg.  In  solution,  it  restores  the  blue  colour  of  tincture  of 
litmus  reddened  by  acids,  and  turns  an  infusion  of  logwood  red,  an 
iufniiion  of  violets  or  red  cabbage,  green,  and  an  infusion  of  turraoric, 
reddit>h-brown.  Tho  limits  of  these  reactions  on  paper  coloured  with  tho 
diflcrcnt  infusions  arc  found  at  tho  following  degrees  of  dilution.  Kod 
cabbagu  :  one  part  of  anhydrous  pot^ish  dissolved  in  9000  parts  of  water; 
Logwood;  one  pt.  in  24,000  i>tB.  of  water:  Turmeric;  one  pt.  in  30,000 
pts.  of  water;  and  red  litmus  paper ;  one  pt.  in  TSjOOO  pts.  of  water. 
(Hurting,  Jouni.  jir.  Cluvi.  22,  41'.) — A  solution  of  potash,  not  too 
dilute,  gives  Or  precipitate  with  tho  following  substances.  Perchloric 
Acid :  a  cryMalline  precij)itato  of  j)erchlorato  of  potash.  I/j/iiniiiuoisilicie 
Aeul  in  excess:  a  trausparent,  gelatinous  precipiluto  of  double  lliiurido  of 
•ilicium  and  pnla^ium :  this  precipitsite  is  not  very  distinct,  but  becomes 
doudy  uud  more  visible  on  tho  addition  of  ammonia.  Concentrated 
solution  o(  Svlf'/ioU  of  Alumina  in  excess  produces,  after  the  ailditiou  of 
an  arid,  a  rry.-itallino  precipitate  of  octohedrnl  nJum.  Solution  of  Bi- 
ddarid-e  of  Plalninm  :  pale  yellow,  and  finely  divided,  or — when  it  comes 
oal  more  idowly — orunge-coloured,  crystalline  jirecipitale  of  double  chloride 
of  platinum  and  putAssium, — Cnncentralod  solution  of  Tartaric  Acid-  in 
©xcowi:  crystalline  precipitate  of  bi-tartrato  of  ])otash. — Cnrhinntic  Acid: 
jrcllow  needles  of  carbaiolato  of  potash.  If  the  solution  of  potash  is 
much  diluted,  the  precipitates  appear  only  after  a  considerable  time — and 
nut  »l  all,  when  tho  dilution  is  curried  to  a,  still  greater  oxtoDt. 

GsT-Lusaar  fc 
Calculation.  IleneHua.      Sir  H.  Davy.       Tlipnnril. 
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(KO  =  489-92  +  100  =  889-92.    Bcrzclius.) 
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Dffiimpntiiion. — 1,  By  electricity. — 2.  By  iron  or  /.inc  at  a  white 
bcjiL — .1.  By  charco;il  at  a  white  best. — 4.  At  a  red  heat,  by  chlorine, 
into  rhlurido  of  poto^isium  and  oxygen  {Sch.  8) : — by  suljihur,  into  suU 
{ihide  of  (lotossium  and  sulphate  of  }>ota«h: — by  phosphorus,  iutu  phns. 
ptiide  of  poUiw^ium  and  pho.<iphato  of  potash. 

Comhinatioh*.     »,  With  water. 

a.  Htdratk  op  Potash.     Caustie,  Lapis  cmutictu. 

Formed  by  exposing  potassium  to  moist  air. — Ono  atom  of  nnbydroua 

Ktuli  mixed  with  one  atom  of  water,  evolves  sufficient  beat  to  fuse  tho 
^  Jrat©  which  ie  produced,  and  raise  it  to  redness.  (Berzelius.) 

Prtpar<Uion.  1.  From  carbonate  of  potnsh.  In  an  iron  vessel 
proTid«»d  with  a  closely  fitting  cover,  ono  part  of  carbonate  of  potash  Is 
h«at<'d  with  12  parts  of  water  till  it  boils  ;  and  slaked  lime — made  by 
itjfv,.,  .  '  ,,(«.  „f  burne<l  lime  with  3  parts  of  warm  wafer,  and  keeping 
it  red  ptuj   till   the   lime  is   rciluccd  to  a  soft  powder — is  then 

Bil.,.-i  ..>  .ngrees.     After  each  addition   of  slaked  lime,  tho   mixture  is 
b<riln>l  fur  II  few  raiuutos,  iu  order  that  tbo  carbonate  of  limo  may  becomo 
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dense,  and  fall  down  readily  to  tbc  bottom.    "When  all  tlio  lime  lias  been 
added,  tlio  wliolo  is  lioilcd  for  n  quarter  of  an  hour,  with  the  cover  on,  and 
left  for  the  lime,  ic.  to  settle  down.     The  caustic  solution — which  should 
no  longer  offervesre,  when  poured  into  hydrochloric  acid,  or  give  any,  or 
very  little  cloudiness  with  lime  water,  (if  otherwise,  longer  boiling,  and 
perhaps,  al^o,  an  addition  of  milk  of  lime  is  requisite)  is  then  drawn  off 
into  stopi)ered  bottles,  by  a  syphon  first  filled  with  water.     The  residue 
is  once  or  twice  boiled  for  half  an  hour  with  a  small  quantity  of  water, 
and  the  remaining  portion  of  potash  seftarated  by  subsidence  and  dccan- 
tntion.     The  rest  of  the  lime  is  deposited  in  the  stopjtered  bottles.     The  | 
decanted  solution  is  first  rapidly  concentrated   in  covered  iron  pots;  and* 
if  it  bcconiCH  turbid,  set  aside  in   stoppered   vessels,  and  then  decanted; 
and  lastly,  rapidly  boiled  down  in  a  silver  basin,  till  the  oily  hydrate 
wliich  remains  begins  to  evaporate  as  a  whole  in  white  clouds.  ( ViJ,  | 
Mohr,  Ann.  Pharm.  23,  338.) 

If  the  lime  which  is  put  into  the  eolation  of  carbonate  of  potash  is  not  ! 
slaked  but  merely  pounded,  it  docs  not  difl'use  itself  properly  through  the 
liquid,  and  tlic  greater  part  is  rendered  useless,  so  that  a  much  larger 
quantity  is  required  to  withdraw  the  carbonic  acid,  and  the  separation  of 
the  alkali  from  the  cjilcareous  precipitate  is  thereby  rendered  much  more 
ditfieult.  To  ensure  the  complete  separation  of  the  carbonic  acid  from  the 
potash,  it  is  necessary  to  n&e  a  considerable  quantity  of  water.  When 
only  4  parts  of  water  are  used  to  1  jiart  of  carbonate  of  potash,  no  decom- 
position takes  place;  and  a  conceiitratrd  sdlulion  of  caustic  potash  with- 
draws the  acid  from  carbonate  of  lijiio.  (Liebig,  I.,  124.)  When  one  part 
of  carbonate  of  jiotash  dissolved  in  4  parts  of  water  is  boiled  with  hydrate 
of  lime,  it  gives  up  only  ^  of  its  carbonic  acid;  with  5  parts  of  water,  |f ; 
and  with  8  parts,  almost  the  whole.  (Watson,  Phil.  Mag.  J.  3,  314.) 
Even  with  10  parts  of  water  to  1  part  of  carbonate  of  potash,  the  carbonic 
acid  is  not  entirely  sepanitcd;  but  with  50  parts  of  water  the  separation 
18  complete.  (Mitscherlich,  Z,eA;-6.  2,  15.)  The  lime  may  also  be  mixed 
with  the  solution  of  carbonate  of  potash  at  ordinary  temperatures,  and  the 
liquid  set  aside  in  stoppered  vessels;  but  then  the  decoiiipcsition  proceeds 
more  slowly,  and  frc(juent  .••hakiiic  is  required;  moreover,  the  uarbouate  of  1 
lime  is  less  dense  than  when  the  liquid  is  boiled,  and  consequently  the 
decuntation  is  more  dittieult.  It  ia  to  be  observed  also  that  carbonate  of 
potash  almost  always  contains  silica,  which  ia  not  precipitated  at  ordinary 
temperatures,  but  completely  by  sutHcicnt  boiling ;  for  it  then  fonns  an 
insoluble  compound  with  the  excess  of  lime  and  the  potash.  Any  alumina 
which  may  perchance  be  present  is  separated  in  the  same  way.  (  Vid. 
Bucholz,  TatcJienb.  1812,  1 JO;  Doboreiner,  Mtte.  10,  1 13.)  It  is  better  to 
decant  the  solution  than  to  filter  it  through  a  cone  of  bleached  linen; 
because  the  alkali  extracts  certain  matters  from  the  linen  which  colour 
the  liquid  yellow,  and  also  heeausc  in  filtering,  it  is  less  easy  to  guard 
against  access  of  air.  As  tlio  alkaline  solution  absorbs  carbonic  acid  from 
the  ntiiioi-phere  very  greedily,  the  air  must  be  kept  from  it  as  much  as 
possible.  A  portion  of  carbonic  acid  is  always  reabsurlK^d  during  evapora- 
tion, unless  this  process  is  performed  in  a  silver  vessel  fitted  with  a  head. 
When  the  caustic  solution  is  evaporated  down  to  an  oily  consistence,  the 
greater  part  of  the  carbonate  separates  in  solid  particles,  which  swim  on 
the  surface,  and  can  then  bo  taken  oft"  by  rawtna  of  a  spatula.  If  crude 
potiush  or  pcarlash  is  used  instead  of  pure  carbonate  of  pot.'isb,  the  hydrate 
of  potash  produced  contains  the  chloride  of  potassium  and  sulphate  of 
potash  present  in  the  original  substance.     Hence,  to  obtain  hydrate  of 
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{lOtash  in  a  pore  state,  it  is  necessary  to  make  use  of  pure  carbonato  of 
pota^b.  Acco^ling  lo  Bcrthollct'ii  plan,  however,  tolerably  pure  iiyilrato 
of  potash — the  PotxuM  tl  Caloiol — maybe  obtained  from  impure  carbonate. 
(Vrrll.  Ann.  17S6,  2,  211.)  The  caustic  solution,  obtained  as  above,  is 
evaporated  to  tlio  thickness  of  syrup,  shaken  in  close  vessels  with  ^  of  its 
Tiiluiuo  of  alcohol,  and  the  mixture  left  to  settle.  Two  strata  are  formed: 
the  lower  stratum  is  an  ai|uoon8  solution  of  chloride  of  potassium,  carbo- 
nate and  sulphate  of  potash,  together  with  a  portion  of  caustic  potash, 
and  rests  on  a  precipitate  which  may  contain  lime,  oxide  of  iron,  and  sul- 
phate of  potash;  the  upper  stratum  is  a  solution  of  caustic  potash  with 
6onic  chloride  of  potassium  in  alcohol.  This  is  poured  oil',  and  freed  from 
tbo  grea.t*r  part  of  the  spirit,  by  distillation  in  a  silver  vessel  furnished 
with  a  still-head,  and  boiled  down  in  a  silver  basin  till  the  hydrate  begins 
to  sublime.  The  resinous  matter  produced  by  the  decomposition  of  the 
alcohol,  and  found  swimming  on  the  surface,  is  then  removed  and  tho 
hydrate  poured  out  on  plates.  It  is  free  from  sulphate  of  potash,  but  con- 
tains chloride  of  potassium,  and  traces  of  carbonate  and  acetate  of  potash. 

2.  From  sulphate  of  potash. — Powdered  crystals  of  sulphate  of 
pota.-ih  are  dissolved  in  a  concentrated  solution  of  baryta  till  a  small 
{tortiuu  of  tho  liquid  taken  for  trial  gives  a  precipitate  with  chlorido 
of  barium,  to  which  hydrochloric  acid  has  been  ud<lcd  in  large  excess 
— :i  proof  that  some  suljiliato  of  pota>h  still  remains  undccomposed. 
Baryta-water  is  then  carefully  added  in  suflicient  quantity  just 
lo  deconipoBe  tho  suljihate,  or  still  better,  slii'htly  in  excess.  Tho 
tkciuted  solution  is  then  ev.aporated,  during  which  process  tho  small 
CXC«$s  of  baryta  is  precipitated  by  tho  carbonic  acid  in  tho  air.  (Schubert, 
J,  pr.  Clirin.  2G,  117.)  This  method  is  more  expensive,  but  yields — pro- 
vided the  baryta-water  is  good — a  pure  preparation,  since  sulpiiato  of 
potash  is  more  readily  obtained  in  a  state  of  perfect  purity  than  tho 
carbonate. 

Hydrate  of  potash  is  preserved  in  air-tight  glass  bottles. 

fmpuritits.  Carl'Onate  of  lime,  originating  from  imperfect  decantation; 
Oxide  of  Iron,  when  the  canstic  solution  is  evapor.ated  in  an  iron  vessel  to 
such  an  extent,  that  it  begins  to  act  upon  the  iron.  These,  together  with 
other  insoluble  substances  accidentally  present,  remain  behind  when  the 
{tota&b  is  dissolved  iii  water.  Peroxidn  of  Potastium:  Formed  in  small 
quantity,  towards  tho  end  of  the  evaporation  when  conducted  in  tho 
air.  It  in  owing  to  the  presence  of  this  substance,  that  tho  hydi-ato  of 
potash,  when  dissolved  in  water,  gives  off  o.xygon  gas.  The  lapis  cau*- 
itcut  of  tho  surgeon,  which  is  prepareil  by  evaporation  in  iron  vessels, 
evolves  a  considerable  quantity  of  oxygen,  the  amount  of  which  appears 
U>  be  in  direct  ratio  with  that  of  tho  oxide  of  iron,  which  is  sepaiuted 
when  the  potash  is  dissolved  in  water.  (Graham,  Ediiih.  J.  of  tic.  7,  187; 
J,  Davy,  iV.  EJinb.  Phil.  J.  0,  132.)  [This  connexion  with  the  oxide  of 
iron  suggest.*!  the  supposition  that  ferrate  of  iron  is  formed.]  Carbuiiate  of 
Poltuh:  The  solution  ctTervcsces  with  acids. — Sulphate  of  Potash:  Chlo- 
ride of  barium,  with  excess  of  dilute  hy<lrochloric  acid,  gives  a  jirecipitato. 
Ckloride  of  Potaxtium:  A  prccijjitate  produced  even  when  tho  liquid  is 
Xtiry  dilute,  with  a  solution  of  silver,  nitric  acid  being  iulded  in  excess.— 
Hilinie  of  Potadit  Gives  the  reactions  of  the  nitrates.  (II.,  401.) — Certain 
oxid*-!  of  the  fieui'if  mrlals:  The  solution,  supersaturated  with  acetic  acid,  i 
Btrea  a  precipitate  with  sulphuretted  hydrogen  or  sulphide  of  ammonium. 
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•.  Hydrate  of  potash  ia  a  whito,  hard,  brittle  anbatanco,  haring  a  spedfio 
gravity  <»f  2'I  (I>alton),  ond  often  a  fibrous  texture.  It  nielt«  below  rod- 
ncM,  fiirming  an  oily  lii|ui<l,  clear  as  water,  which  volatilizca  at  a  full  red 
heat  ID  white  jiun<rcnt  vapours.  Hydrate  of  potash  heated  on  platinum- 
wire,  colours  the  blowpipe  llamo  violet.  (Fiichs.) 
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The  amount  of  watOT  present  in  hydrate  of  potash  is  host  found  from 
the  loss  of  weight  which  it  sustains  when  heated  to  redness  with  a  known 
quantity  of  vitrefied  boracio  or  silioio  acid.  By  ignition  in  contact  with 
charcoal  it  is  converted — acconiing  to  Busay  (J.  J'/iarm.  8,  266)  with 
evolution  of  carburetted  hydrogen  (T) — into  carbonate  of  potash. 

(9.  Crystallized  Potash.  Cauriic  SaU. —  Crystallizes  on  cooling 
front  a  concentrated  solution  of  caustic  potash.  (Lowitz,  Crcll.Ann.  1796, 
I,  306.)  Transparent,  colourless,  very  acute  rhombohcdrons  with  trun- 
cated temiiual  edges.  When  placed  in  vacuo  over  oil  of  vitriol,  it 
elHoresres  to  an  opaijuc  moss,  consisting  of  7S-6  parts  of  pototih  and  21-4 
parts  of  water.  (Ph.  Walter,  Pot;<^.  39,  192.) 

Calculation.  Walter. 

KO 47-2    5119  49-9 

6HO   ....    45'      48-81  50»1 

92-2     100-00  1000 

y.  AQUEor.^  Solution  of  Potash.  CauMirsoluiirni,  Soapl>oUa-$' -ley, 
SeifeiitUder-lavge,  and  at  a  certain  degree  of  concentration,  MfUtcr- 
lanfjr. — Potash,  hydrate  of  potash,  and  crystallize*!  potash  deli<|uesce 
rapidly  in  the  air;  the  first  two  dissolve  in  water  with  considerable 
rise  of  temperature;  the  crystals  proiluce  great  cold.  Hydrate  of  potash 
requires  but  half  its  weight  of  cold  water  to  dissolve  it.  (Lbwitz.) — 
Preparation.  (III.,  11 — 13.)  The  solution  is  kept  in  bottles  with  gUu's  or 
cork  8toj)iH.'r8.  In  either  case,  none  of  the  solution  .■should  touch  the  stop- 
pers; f<ir  tlioxe  of  glass  become  in  a  short  time  so  strongly  cemented  in, 
that  they  cannnt  ag.iin  be  withdrawn;  and  corks  corrode  and  impart  a 
brown  rolfur  to  tho  liquid.  When  bottles  ni.-ide  of  white  glass  are  used 
to  contain  the  solution,  they  frequently  crack  iu  all  directions.  After 
being  long  kept,  the  liquid  ohen  deposits  browni:^h-white  flakes.  These 
were  found  by  the  author  to  consist  of  silica,  with  small  quantities  of 
alumina,  lime,  potash,  oxide  of  iron,  and  a  trace  of  oxide  of  coj)pcr 
(Qmelin),  and  are  probably  produced  by  tho  action  of  the  potash  on  tho 
glass. 

Colonrleiis  liquid,  having,  when  highly  concentrated,  an  oily  consist- 
ence and  considerable  density.  A  solution  made  with  equal  parts  of 
liydnito  of  pot.l.'^h  and  water  does  not  freeze  at  —54  (  —  65"  l'\).  (Ouytoii- 
Morvenu.)  One  measure  of  solution  of  p"ta.sh  of  22°  Bm.  mi.xed  with 
one  measure  of  water  undergoes  a  condensation  amounting  to  0-045  of  tho 
volume  of  the  writer:  and  all  tho  air  present  in  tho  water  is  exi)elled. 
(Payon,  Ann.  Chim.  I'hys.  50,  305.) 
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Quanltly  of  Anhydroxit  Polath  coninined  in  ,Solutlont  of  Potai/i  of 
varifitu  densities. 


(DaUoo.  SfUm.  3,  293.) 
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}.  With  aci'lg  potash  forma  tho  PoTAsn-S.vLTS.     Of  all  h.-isos,  it  pos- 

thf>  «tron;[,»c»t  affinity  for  tlio  ^Toator  number  of  av'ul»,  uud  next  to 

:ii?utrulij:es  them  moat  completely,  so  tli.at  in  salto  furmoil  with 

I-  lu-ids,  the  lUkttlino  re.action  of  the  hii^c  prciluiiiiuutcti.     Tho 

:i^li-^.ili>  :ir.'  colourless  when  (he  iii-iil  itself  is  so.     They  are  fixed  in 

lir.',  iiiili-i-i  the  ucid  in  comhiii.-itiun  with  tho  potn«h  has  very  littlo 

tiity  for  it  or  is  readily  dcconipo.soii.     Salts  of  putiish  imjinrt  ii  violet 

■  Mir  to  the  hlowpipo  Uamc  on  platinum  wire.  (Fuchs.)     Alcohcd  hoiilcil 

li  .-1  »>alt  of  pot.ioh  in  powder  and  then  sot  on  flro  hums  with  ii  hluij  or 

!•■(  Ilanio.  (11.  Kose.)     Tho  salts  give  a  blue  colour  to  a  hc.ail  of  borax 

•V  liich  pure  oxido  of  uickel  is  dissolved.   (Hiirkort,  Por/i;.  0,  182.)   They 

!  1  ....  ^irccipilatc  when  melted  with  carbonate  of  «oda  on  ]i1atinuni  foil. 

■  )     All  iK)ta*h-salts  .ire  .soluble  in  water,  and  for  tho  hklsI  |)art 

..     The  solution  of  a]fi;iU  of  pot.xsh,  when   very  dilute,  ijiyva 

:ito  with  other  liquids  only  when  tho  arid  combined  with  tho 

i  I'ji'uiM  an  insoluble  compound  with  the  substanco  added  or  with  a 

in  of  it— or  when  tho  aciil  is  itself  sot  free,  and  i»  inHoluldo  in  that 

A   cnne<:ntr.itcd    solution,    ou    tho  contniry,    exhibits    the    »amo 

litms  as  a  solution  of  potiush  (p.  11),  namely,  with   p(>rehl(iric  acid, 

.'irbaxotic  acid,   sniplinte  of  nluminn,  hydrofluosiliric  ai-itl, 

f  pbitiiiiiin,  tho  reagents  buiiij,'  used  in  llio  eonconlnited 

;c.     Ju  the  r:i-.'  i.r  i;irt4iric  aciil,  an  excels  of  sulphuric,  hydrochlorio, 

hitric  arid   lu:   :;.  :    ■  with   tho  nppearjinco  of  tho  i)re(Mpitato.     Thoao 

!i  f,f  ;i..t:isli,  which  would   throw  down   tho  aluuiiua  from   alum   (for 

\rr  .  th.'  crirbonatc).    must  bo  previously  mixed  with  stiljihuric  acid. 

'■I'  [Kidi-li  ii  ill'    ■Iveil  in  so  much  water  that  20.';  j>art«  of  water 

'v  1  [ii'l  if  )M. I, i-li,  chloride  of  platinum  will  still  jirnilncc  a  i>re- 

■f  wat«rthifl  effect  no  lou^'or  taket  plaoc.    A^'aiii; 

-Ml  parts  of  water  to  1  mrt  of  potash,  but  not  with 

(Hurtin/r,  ./.  ;<;-.  CJievi.  22,  40.)      With  solution  of  sul|)hato  of 

:  lO  limits  of  ruaotion  are  1  j>nrt  of  potiuh  in  '200  parl«  of  wiiter 

chlorido  of  phitiuum,  and  400  jmrta  of  water  for  tartaric  acid.  (La»- 

M...   ./,  CJiim.  M<:l.  K,  .'•.27.) 

'I  fomiK  diiul./r  t'llii  with  ammoniii,  soda,  mnfroesia,  the  prot- 
!  we«"iiii  (ixirle  of  cerium,  ytfria,  alumina,  thorinn,  lirconia,  tho 
Aee  of  chromium  and  uranium,  the  protoxide  and  Be«<jui  oxide  of 
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manganeBo,  sosqui-oxide  of  antimony,  the  oxides  of  cine,  auil  ciidmiam, 
the  protoxide  and  sesqui-oxide  of  iron,  protoxide  of  cobalt,  oxide     " 
nickel,  the  di-oxide  and  protoxide  of  copjicr,  protoxide  of  mercury,  oxid^ 
of  silver,  tcroxide  of  gold,  the  protoxide  and  bi-oxido  of  platinum,  bi-osij 
of  palladium,  sosqui-oxide  of  rhodium  and  sesqui-oxide  of  iridium. 

c.    Potash  combines  with  the  earths,  forming  vitreous  and  other  com- 
pounds, and  also  various  mincrali^. 

(/,     With  many  oxides  of  the  heavy  motals,  not  having  an  acid  clia 
racter,  sometimes  in  the  dry,  sometimes  in  the  wet  way,  namely,  with  thd 
oxides  of  zinc,  tin,  lead  and  gold. 

e.     With  several  organic-bodies  not  possessed  of  acid  properties ;  for 
instance,  with  alcohol. 


C.    Peroxide  of  Potassium.     KO'. 


Discovered  by  Gay-Lussac  &  Thenard. — Formalion  and  Preparatto 
1.  Potassium  takes  fire  in  air  or  oxygeu-gaa  at  temperatures  between  60*] 
and  80"  (provided   the  metallic  surface  is  renewed),  and  bums  with  a' 
dazzling  white  or  rc'J  flame,  producing  peroxide  of  potassium.     Platinum 
or  silver-foil,  covered  with  fused  cliloriJo  of  potassium,  may  be  used  as  j 
support. — 2.  Peroxide  of  potassium  ia  likewise  formed  by  the  combustioi 
of  the  suboxide,  or  when  anhydrous  potash  or  hydrate  of  potash  (or  the' 
hydrate  mixed  with  potassium:  //.  JJcti'i/)  is  licatod  to  redness  for  a  long 
time   in   dry   oxygen-gas, — 3.  Impure  peroxide   of   potassium   may   b« 
obtained  by  gently  heating  potnaaiuni  iu  nitrous  or  nitric  oxide  gas  or 
with  nitre  or  certain  metallic  oxides;  also  by  the  ignition  of  nitre.  ^Gajr- 
Lussac  &  Thenard.) 

Properties.     Orange-yellow.    Fuses  somewhat  less  easily  than  hydrati 
of  potash  to  a  brown  transparent  oil,  and  crystallizes  in  scales  on  cooling, 
(Gay-Lussac  ic  Thi-uard.) 

Calculation.  Gay -Lusuc  &  Thenard, 

K 3ya     62-03     65 

30    24-0     37'97     35 
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Decompo»iiion».  1.  By  a  wliito  heat,  into  potash  and  oxygen 
(H.  Davy.) — 2.  By  water  at  ordinary  toinpenitures,  with  efTervcscenca, 
and  protluction  of  heat,  into  oxygon  ami  solution  of  potashj  by  carbonij 
acid  or  liyJrochloric  acid  gas  aided  by  heat,  into  oxygen  and  carbonate 
of  potash,  or  ox^'gen,  water,  and  chloride  of  pota.saium. — 3.  By  combug 
tibic  bodies. — Heated  in  hydrogen  gas  it  is  converted,  without  incau^ 
dcscence,  into  hydrate  of  potash  and  water.  Ignited  with  charcoal  it 
yields  carbonate  of  potash,  the  change  being  aceonipaiiied  by  vivid  com- 
bustion. It  acts  in  a  similar  manner  on  resin,  wood,  or  albumen.  With 
phosphorus  it  forms  phosphate  of  potash,  the  action  being  attended  with  the 
most  vivid  combu,''tion;  with  sulphur,  it  forms  sulphate  of  potash  and  a  small 
quantity  of  sulphide  of  potassium,  the  combustion  in  this  case  being  less 
vivid.  Heated  in  sulphurous  aciil  ga.«,  it  inflames  and  yields  sulphate  of 
potash  and  oxygen  gas.  When  it  is  heatc<l  in  phosphurctted  or  sulphu- 
retted hj'drogen  g-is,  jiho.sphide,  or  suljihide  of  pota.ssium  is  forme^ 
accompanied  by  flame;  heatcil  in  nitrous  gas,  it  forms  nitrite  of  potash 
and  hyponitric  acid  vapour.     By  heating  it  in  ammoniacal  gas,  bydrats 
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of  potaali  and  nitrogen  gas  are  obtained  without  any  erolation  of  light 
»D<1  LfaL  It  oxidizes  potassinm,  arsenic,  antimony,  tin,  zinc,  and  copper 
with  incandescence,  and  bismath,  lead,  and  iron,  aud  even  silver  and  pla- 
tiDum  withoQt  incandescence.  (Gay-Luseao  &  Theuard.) 


Potassium  and  Htdrooen. 
Hydridi  of  Fotaitium  1 

Potassium  heated  not  quite  to  redness  in  pure  hydrogen  gas  absorbs 
tbout  i  as  much  of  this  gas  as  it  would  have  evolved  by  contact  with 
water,  aud  is  converted  into  a  grey  powder,  without  melullio  lustre,  and 
infusible  below  a  red-heat.  At  a  red  heat  it  is  resolved  into  potos- 
iiuni  and  hydrogen  gas;  and  by  mercury,  especially  if  hot,  it  is  converted 
into  hydrogen  gas  and  an  amalgam  of  potassium.  It  inflames  sponta- 
neously in  the  air.  With  water  it  evolves  about  }  as  much  hydrogen  as 
iHl*  potassium  contained  in  it  would  have  set  free;  it  likewise  takes  fire 
on  water.  (Gay-Lussoe  &  Thenard.)  Sir  H.  Davy  denies  the  existence 
•"  '' •«  body.— Jacquelain  {Ann.  Chim.  Phys.  74,  203,)  confirms  its 
iicc,  and  founds  upon  this  absorption  of  hydrogen  by  potassium,  a 
'\  of  separating  hydrogen  from  marsh  gas  and  oleiiant  gas. 
lien  potassium  is  heated  in  hydrogen  gas,  the  hydrogen  acquires 
Uic  pro]>erty  of  iutluming  in  the  air  and  burning  with  a  brilliant  flame 
ud  formation  of  alkaline  fumes;  but  as  it  cools,  it  deposits  the  potas- 
iium  and  loses  its  power  of  spontaneous  combustion.  (H.  Davy.) — 
Id  the  jiroparation  of  potassium  from  hydrate  of  potash  and  irou-filingSj 
a  colourless  gas  is  produced  which  is  heavier  thau  hydrogen,  takes 
fire  in  the  air  at  ordinary  temperatures,  and  burns  with  a  pale  yellow 
flame,  forming  water  and  potash; — if  left  to  itself  fur  a  few  hours,  or 
placed  in  contact  with  water,  it  loses  a  portion  of  its  potassium,  and  with 
It,  the  |>ower  of  taking  fire  at  orilinary  temperatures,  even  though  it  still 
fetoins  a  portion  of  the  potassium.  (Sementini.)  This  gas,  Sementini  re- 
gank  OB  jKJtassuretted  hydrogen  gas;  it  is  however  considered  by  Ber- 
aelios  and  Urunner  as  hydrogen  gas  in  which  the  vapour  of  potassium  is 
MBply  diffused,  so  that  it  is  again  deposited  on  cooling. 


PoTAssiim  XKD  Carbon. 
A.     Carbide  of  PoUutium  t 

Charcoal,  exposed  to  a  red  beat  in  contact  with  potassiam, — at  which 
Imipvratnro  the  potassium  if  alone  must  have  been  volatilized,— efler- 
ofterwards    with   water.    (H.  Davy.)     Perhaps   several   of  those 


csrbonarcuus  substances,  which  inflame  spontaneously  in  the  air  (pyro- 

Churic  cbarcoals,  as  they  are  called)  arc  carbides  of  potassium. — The 
lack  msM  also,  which  pa.-'^i^is  over  in  the  preparation  of  potassium  by 
Curaudao'a  or  Brunuer's  nietliod,  is  regarded  by  Berzelius  as  a  carbide  of 
potsMiom.  [Probably,  for  the  most  part,  belonging  to  the  croconaceoiu 
auMet.] 

TOL  ta.  o 
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B.    Cahbonate  op  Potabh. 

«.     Simple  Carbonate. — Batie,    wueUurated  Cdrftofirtfe  of 
^erlhoUet)  MilJ,  acraUd    Vojr.lahU  Alkali,  SaU*  of  Tartar,  Pu 
jPolaJi,  Fearlatft;  Alkali  vegOabiU  fixum,  Sal  tarUtri,  Cinerta  elateJla 
depurati. 

Preparation. — 1.  Crude  Potaih.  From  the  ashes  of  inland-plants, 
consisting  chiefly  of  carbonate,  sulphate,  and  silicate  of  potash,  chloride 
of  potassium,  carbonate  and  phospliate  of  lime,  magnesia,  aluniioa,  silica 
ana  the  oxides  of  iron  of  manganese.  The  ashes  {are  soaked  in  tube 
of  water,  which  chiefly  dissolves  the  four  first  mentioned  sub«taD< 
(amounting  to  between  5  and  32  per  cent,  of  the  ash).  The  alk^l 
solution  is  then  boiled  down  in  iron  pans  to  snch  a  degree  of  conren' 
tration  that  it  solidifies  to  a  brown  mass  on  cooling.  The  brown  colour 
proceeds  from  organic  matter  extracted  from  the  woody  fibre  still  present 
in  the  ash,  from  the  wood  of  the  tubs,  and  from  the  straw  which  is  put 
round  the  cocks  used  in  drawing  the  ley  from  the  tubs.  The  cradfl 
potash  thus  obtained  is  heated  to  redness  on  the  level  hearth  of  a  revefl 
beratory  furnace,  over  which  the  flume  plays,  and  constantly  stirred  aboa 
with  an  iron  rod  till  all  the  water  is  drawn  off,  and  the  organic  mattM 
consumed  :  Burnt  or  calcined  Pntaxk,  Cinerns  davdlati.  This  8uH 
stance  contains,  besides  carbonate  of  potash,  several  impurities,  some  d 
which  are  insoluble  iu  water:  viz.,  ashes,  charcoal,  small  stones  from  td 
faroMe,  ic;  and  some  soluble  in  water:  vii.,  a  largo  quantity  of  chloridi 
of  potassium,  sulphate  and  silicato  of  polish,  traces  of  manganate  ■ 
potash  fwhicb  imparts  a  blue  colour  to  the  mass)  and  phosphate  A 
potash  (kobcll,  A'aiCn.  Arch.  8,  322),  carbonate  of  soda  (Berthier),  ani 
oxide  of  copper.  (Sarzeau,  J.  P/iarm.  18,  6j6.)  A  particular  specimM 
of  crude  potash,  from  Kasan,  obtained  from  wood- ashes,  contained  ■ 
100  pts.  (1)  insoluble  in  water:  Lime  0-054,  alumina  0'012,  oxide  M 
manganese  O'Ol 3,  silica  0'132;  (2)  soloblc  in  water:  Potassa  47'45fl 
combined  with  carbonic  acid  25'8nO,  and  silica  0-344;  sulphate  of  potoM 
17'0G2;  phosphate  of  potash  0-4*3;  chloride  of  potassium,  3-965;  and  cua 
bonatc  of  soda  4-630.  In  this  specimen  of  potash,  0  atoms  of  carbnnifl 
acid  were  combined  with  8  atoms  of  potassa.  (R.  Hermann,  J.  Pr.  Cheim 
22,  442.)— Preuss  {Ann.  P/utrm.  34,  239)  thought  that  ho  had  discorerjl 
iodine  in  a  sample  of  potash.  I 

2.  Purified  PotatJi,  Pearlash,Cineresclavellati depurati.  Crude  potash ■ 
dissolved  in  2  parts  of  boiling  water,  and  the  solution  after  being  filterM 
through  white  blotting-paper  or  bleached  linen,  is  evaporated  in  an  iron  dm 
to  the  proper  degree  of  concentration:  it  is  then  left  at  rest  for  a  day  till  afl 
the  sulphate  of  putu-h  has  crystallized  out,  and  poured  off  from  the  crystaln 
If  it  renders  solution  of  chloride  of  barium  turbid  after  being  gupersM 
turatcd  with  hydnn-hloric  acid,  a  second  evaporation  and  cooling  is  oeceM 
Bary  to  get  rid  of  the  remaining  suI])huto  of  p<it.ash.  The  clear  solutioB 
is  boile<i  down  (to  the  density  of  about  1-43)  till  it  is  covered  with  ■ 
crystalline  film,  which  can  no  longer  bo  removed  by  stirring  tho  boiliqfl 
liquid,  and  then  cooled,  stirring  all  the  while,  whereupon  most  of  Ufl 
carbtjnute  of  potash  crystiilli^cs  out.  The  mother-liquid  is  drained  oflf  Vu 
filtration,  and  is  found  to  contain  a  larsre  quantity  of  carbonate  m 
putash,  together  with'  certain  impurities,  chiefly  consisting  of  chloride  ol 
polnssium  and  gUicatu  of  potash.     Tho  cryislaU  ot  c-,i.t\>ui^\A  &to  Listlv 
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wuhcd  with  a  gmall  quantity  of  oold  water  and  then  rendered  anhydrous 
by  litating  them  to  incipient  redness  in  vessels  of  cast-inm,  silver,  or  pla- 
tiuuiii.  Sumo  chloride  of  putasMum  iind  NJIii-ate  of  potaiih  «till  rrmain; 
the  silica  limy  Iw  separated  by  means  of  charcoal  (see  below),  bnt  the 
chloride  of  poUi*hiiim  cannot  be  entirely  removed. 

To  treat  1  part  of  crude  potash  with  only  00  of  cold  water,  and  then 
rtmin  and  cvajiorate  after  prolonged  agitation,  is  less  economical,  because  a 
Ultijo  quantity  of  the  carbonate  of  jjotash  always  remains  in  the  residue.  It 
is  eaid  tlint  by  this  method,  the  solution  of  the  sulphate  of  potash  ia 
avoided;  some  of  tbutsalt  is,  however,  liable  to  be  dissolved  in  consequence 
,.•  ii...  i....,t  developed  on  mixing  the  potash  with   the  water.     The  best 

tting  rid  of  the  sulphate  is  by  evaporating  and  cooling  the  solu- 
tiM.'i  'M  lined  as  above  by  the  aid  of  heat.  If  the  solution  thus  freed 
wbully  or  in  part  from  sulphate  of  potash  is  evaporated  without  further 
precaution,  as  is  generally  the  practice,  all  the  chloride  of  potassium  and 
vilicate  of  pota«h  remain  mixed  with  the  carbonate.  The  method  just 
^VdD  of  separating  the  greater  part  of  the  two  salts  by  crystallizing  the 
e»rboniite,  is  due  to  Mayer.  (Por/g.  4G,  6.51.)  In  onler  to  free  the  carbo- 
Bmt«  of  potash  from  all  the  silica,  a  solution  of  1  part  of  carbonate  in 
1  tiart  of  water,  is  mixed  with  \  part  of  powdered  charcoal,  the  mixture 
IbO  for  24  hours  and  frequently  agitated,  and  then  filtered.  (Artus,  J. 
pr.  Chan.  15,  124.)     The  manganate  of  jiotash  present  is  almost  alwayi 

'd  by  the  deoxidizing  action  of  the  substance  of  the  tilti-r,  but 

d  putaoh  when  heated  to  redness  often  aegnmes  a  bluish  tint 

[■fMence  of  a  tnico  of  this  salt,  introduced  possibly  with  some 
_--.     :..  1j  may  have  fallen  in. 

3.  iSiilt  of  Tartar,  Sal  Tartari.  Purified  tartnr  is  heated  to  low  red- 
"■"•  '"\  ••   covered  crucible  made  of  iron,  silver,  or  plntiuum;  the  carbo- 

''siduc  put  into  a  boiler  of  iron,  silver,  or  platinum,  and  the  cjir- 
I  p"tash  extracted  by  hot  water.     The  filtrate  is  then  allowed  to 

-•        :  I  days  in  a  vessel  of  glass  or  procelain,  to  allow  the  carbo- 

uutc  lit  iiiiiv  to  subside;  filtered  again,  and  evaporated  to  dryness  in  an 
rro«i.  <4lver.  or  pl.ntinuin  pan.  The  residue  i.s  covered  with  3  parts  of  cold 
'  ■  solution,  after  3  days,  decanted  from  the  in»<jluble  matter 
1  to  dryness.  The  salt  of  tartar  thus  obtained  contains,  ac- 
c.,r<liiig  to  Wackenroder  (.-Inn.  I'hnrm.  24,  17),  mere  traces  of  ohlo- 
risir.  lirae.  niagiic^i.a,  and  silica;  Koltell  assert'!  that  some  phosphate  of 
|><i(i-!i  \i  al^o  [)n--i-nt.  If  crude  tartar  is  used  for  this  pur[>ose,  a  largo 
qiMfitity  of  <  v:iiii.le  of  potasiiium  is  formed  (from  the  ferment  which  it 
♦vrntjiiii-.),  ami  reinaiiin  mixed  with  carbonate  of  potash.  Even  the  piiri- 
ficl  t«it;ir  of  comincrci!  requires  to  bo  re-purified  before  it  is  ni»ed.  For  this 
jm.*fM«:i',  ii,  is  either  dinsolved  in  boiling  water  and  allowed  to  cry«Ullixe 
f •11  111  t!i  •  filtnite,  or  wa«bcd  several  times  on  a  linen  cloth  with  cold  water. 

rodcr.)  Or,  after  being  finely  {)o\mded,  it  is  boiled  for  an  hour  in  a 
^  .  -  sel,  with  an  equal  quantity  of  water  and  Jj  of  hydrocbloric  acid; 
liii-  Holation  containing  lime  is  poured  off  when  oold;  and  the  tartar  wa()b«d 
,.,    .  i^i'.r  with  water,  till  that  which  passes   through  no  longer  gives* 

'■>   with  a   solution   of  oxalate   of  pota«h    or  a  salt  of  silver. 

-  wid  Dulk,  N.  Br.  Arch.  20,  «0.)     If  the  tartar  be  decom- 

iiig  it  into  a  pa]>er  cone  and  heating  it  in  the  open  fire,  iro- 

1    ■••'  I'^in  Bcar«-ly  bo  avoided.     If  an  eartben  crucible  is  mode 

.  [..1  1  li  unites  with  a  portion  of  the  silica  contained  in  it.  This 
iiiig  to  Wackenroder,  by  lining  the  crucible  with  a 
,um. 
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4.  Black  Flux,  Fliunu  niger.  A  mixture  of  carbonate  of  potash  and 
ehareool,  obtaaned  by  detonatiug  a  mirtur©  of  2  parts  of  tartJU'  and  1  part 
of  nitre.  Tho  carbonate  of  potash  may  be  extracted  by  water.  If  the 
mixture  be  thrown,  by  small  portions  at  a  time,  into  a  red-hot  iron  cru- 
cible, the  residue  obtained  is  free  from  nitrate  of  potash,  but  contains 
cyanide  of  potasuiuu;  the  latter  is  also  prc8ent,jthough  in  smaller  (juantity, 
even  when  purified  tartar  is  used.  If  the  mixture  is  put  into  an  iron 
dish  and  set  on  fire  by  a  red-hot  wire,  the  decomiKisition  is  incomplete, 
unless  the  dish  is  heated  to  redness  afterwards;  the  mass  is  also  found  to 
contain  nitrite  of  potash,  but  no  cyanide  of  potassium.  (Wackenroder.) 

5.  While  Flux,  Fluxut  alhus.  Formed  by  igniting  a  mixture  of  e<^ual 
parts  of  tartar  and  nitrate  of  potash. — The  mass  thus  obtained  is  white; 
because  in  this  proportion  the  oxygen  of  the  nitric  acid  contained  in  the 
nitre  is  more  than  suthcient  for  thu  combustion  of  the  carbon  of  the  tar- 
tai-ic  acid  in  the  tartar;  but  for  that  very  reason  the  residue  contains  a 
considerable  quantity  of  nitrite  and  likewise  some  nitrate  of  potash. 

6.  yitrum  jixum.     Obtained  by  detonating   nitre   with  charcoal. — 
Either  powdered  charcoal  is  thrown  by  degrees  upon  nitre  fused  in  a  cm-       |. 
cible,  until  it  no  longer  detonates,  or  a  mixture  of  about  3  parts  of  nitrfl  ^H 
and  1  part  of  powdered  charcoal  is  thrown  by  small  portion.-f  into  a  red-^H 
hot  crucible  and  kept  at  red  heat  for  some  time.    The  mass  contains  nitrite       ' 
of  i)otash  and  cyanide  of  potassium,  besides  sulphate  of  potash,  chloride  of 
potas.Kium,  lime  and  silicate  of  potash  (partly  derived  from  the  charcoal, 
and  partly  from  the  crucible.)  (Wackenroder.) 

7.  Acetate  of  potash  is  heated  to  redness,  and  the  carbonaceous  mass 
exhausted  with  water. — For  tiiis  {)urposc,  pure  acetate  of  potash  is  pre- 
pared by  one  of  the  following  methods: — a.  Distilled  vinegar  is  saturated 
with  pearl-ash,  the  sulphuric  and  hydrochloric  acids  present,  separated  bj  . 
the  addition  of  acetate  of  baryta  aud  acetate  of  iilvcr,  and  the  filtrate  eva- J 
]>orated  to  dryness.  (Dulk  i  Gruber.)  The  carbonate  of  potash,  however,! 
which  remains  after  heating  tho  residue  to  redness,  takes  up,  when  dis-j 
solved  in  water,  a  considerable  quantity  of  the  carbonate  of  baiyt%j 
produced  at  the  same  time;  the  lime  and  silica  also  contained  in  thej 
pearl-ash  are  not  separated  by  this  ])rocess.  (AVackenroder.) — b.  AcetataJ 
of  lead  is  decomposed  by  an  equivalent  quantity  of  salt  of  tartar  [or  sul- 
phate of  potash].  The  filtrate,  evaporated  and  heated  to  redness  in 
silver  crucible  yields  a  pure  product.  (Wackenroder.) 

8.  By  igniting  oxalate  of  potash.    Potash-ley  is  boiled  down  till  the  car-  ' 
bonate  of  potash  crystallizes;  the  crystals  obtained  on  cooling  are  dissolved 
in  2  parts  of  water,  and  saturated  with  ordinary  oxalic  acid;  and  the  simple 
oxalate  of  potash  thus  formed  is  purified  by  filtration  and  crystallization:       ■ 
S  parts  of  the  crystals  are  then  dissolved  in  6  parts  of  water,  and  2  ports  of  ^| 
oxalic  acid  dissolved  in  4  parts  of  water  added  while  the  liquid  is  hot;^H 
tho  binoxalate  of  potash,  which  crystallizes  out  as  the  mixture  cools,  is 
collected  on  a  filter,  washed  with  water  till  a  solution  of  silver  remains 
unaffected  by  tho   liquid  which   passes  through,  and  then  thrown  into  a 
red-hot  platinum  or  silver  crucible.      In  this  way,  perfectly  pure  carbo- 
nate of  potash  is  obtained.  (Duflos,  N.  Br.  Arch.  23,  305.) 

9.  By  heating  bicarbonate  of  potabh. — As  the  bicarbonate  of  potash 
is  usually  prepared  from  crude  potash  ley,  il  still  contains  silica;  it  must 
not,  therefore,  be  heated  to  full  rcilness  in  the  silver  crucible  usually  era- 
ployed,  lest  tho  silica  should  again  combine  with  the  potash.  When  the 
salt,  is  dissolved  in  water,  the  silica  is  left  bchiud.  (Berzclius.)  Wacken- 
roder found  that  carbonate  of  potash  thus  prepared  still  contained  a  eon- 
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Rilerablo  quantity  of  silica  and  chloride  of  potassiam,  bat  neither  lime 
nor  mnenwia. 

10.  Carbonate  of  potash  is  thrown  down  from  an  alcoholic  solution  of 
ihe  acetate  by  jmAsing  carbonic  acid  gas  through  it.  Landmann  (Bull,  de 
la  Soc.  imp.  Je  Mote.  1838,  58;  also  Pogg.  4(5,  650)  burns  sulphate  of 
potash  with  \  of  its  weight  of  charcoal;  dissolves  the  sulphide  of  potas- 
sium thus  obtained,  in  wood-vinegar;  skims  off  the  tar;  boils  the  solution 
with  water  and  charcoal  obtained  from  animal  matter;  evaporates  the 
filtrate  to  dryness;  fuses  the  salt  at  a  gentle  heat  in  iron  vessels,  so  that 
no  acetic  acid  may  be  driven  off;  dissolves  the  fused  mass  when  cool  in 
wafer;  filters;  evaporates  to  dryness;  dissolves  the  remaining  white  salt 
in  alcohol,  to  saturation;  and  passes  a  stream  of  carbonic  acid  gas  through 
the  liijuid:  by  this  treatment  carbonate  and  bi-curbonate  of  potash  are 
precipitated.     The  precijiitate,  when  pressed  and  fused,  affords  pure  car- 

itc   of  potash.     Acetic   ether  may   be   prepared   from  the  filtrate. 

tenroder  gives  the  preference  to  the  third  method. 

Impuritut  found  in  carbonate  of  potash. — Sulphate  of  potash  :  Tnrbi- 

rdity  produced  on  adding  chloride  of  barium  with  excess  of  hydrochloric 

•cid. — CMoride  of  potamum:   Cloud  with  nitrate  of  silver  and  nitric  acid 

in  excow. — Phosphate  of  potasli:    Flocnlent  i)recipitate  on  the  addition 

of  m  little  chloride  of  calcium  and  exceps  of  ammonia,  after  long  boiling  with 

■  excess  of  hydrochloric  acid  to  expel  all  the  carbonic  acid. — It  Urate  or 

r  nitrite  ofpotath :    The  solution  of  the  salt  in  excess  of  sulphuric  acid  turns 

leddish  when  solution  of  ferrous  sulphate  is  poured  upon  it. — Cyanide 

^  potastiwn :    Prussian-blue  formed  on  the  addition  of  ferroso-ferrio  sul- 

Ipbate  ami  excess  of  hydrochloric  acid. — Soda:   Ou  saturating  the  carbo- 

of  potafih  with   acetic  acid,   evaporating  to  dryness,  dissolving  the 

inn  in  alcohol,  precipitating  the  potash  with  bichloride  of  platinum, 

^  •Taptiniting  the  liltrate  mixed  with  sulphuric  acid,  igniting  the  residue, 
*«lian'iing  it  with  water,  concentniting  (ho  solution  by  evaporation,  and 
il  to  cool,  crystals  of  sulphate  of  soda  are  obtained,  easily  recog- 
.  I  heir  form. — Carbonate  of  lime:  Dissolves  in  water,  i)artl  v  through 
itnc<lium  of  the  carbonate  of  potash.  A  solution  of  this  kind,  when 
[to  Ht.ind  for  some  time,  yields  a  crystalline  deposit  of  carbonate  of 
Htno;  it  also  gives  a  cloud  with  oxalic  acid,  after  neutralization  with 
tic  acid. — Silica:  Partly  remains  undissolved  when  the  salt  is  digested 
[in  water;  partly  dissolves,  often  in  largo  quantity,  in  the  form  of  silicate 
[of  potaah.  This  solution,  supertaturated  with  hydrochloric  acid,  yields,  if 
\H  be  rich  in  silica,  a  gelatinous  precipitate  of  that  substance,  at  least 
Iwimi  cvajwrated;  in  any  case,  the  mixture,  when  evaporated  to  drynew 
laod  then  digested  in  water  to  dissolve  the  chloride  of  potaa-sium,  leaves  a 
'  rwduc  of  silica. — Oxide  of  copper:  The  salt  neutralised  with  acetic  acid 
^T«»  the  reactions  of  copper. 

White,  solid  mass,  of  specific  gra>nty  about  22643.  (Karsten.)     Fusi- 

^lil«  at  a  bright  red  heat;  volatile  at  a  white  heat.     Tastes  strongly  alka- 

'  rte  an  alkaline  reaction  on  vegetable  colours,  bat  is  only  slightly 
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alt  is  decomposed  at  a  red  heat,  by  vapour  of  water,  yielding 
a«  ttf  potash  and  carbonic  acid  gas.  (Gay-Lussao  &:  'tVvtiaai^.^. 
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lieuteA  to  whiteness  with  2  atoms  of  eharooal,  it  yield*  cmrbonia 
gaji  and  polassium;  lioatcd  to  redness  with  silica,  it  yields  carbon,  carbo- 
nic oiide  gM,  and  tiilirato  or  iiotash. 

CarbonaU  of  Folmk  with  2  aUomi  of  vater:  cry«talli«es  from  a  oonc 
tratod  aqueous  solution  of  ealt  of  tartar  or  pearl-ash,  on  long  stoadind 
Indistinct  rhombic  octohodrons  with  tniucatod  summita  {Fig.  42);  ti 
angles  of  the  rhomb,  =  122"  and  58"  (Comp.  Berard,  Jnn.  Chim.  71,  J 
Giesc,  Schrr.  Ann.  4,  294;  Fabroni,  who  erroneously  considers  himself  t| 
discoverer,  Ann.  Chim.  Phyt.  25,  5;  Phillips,  PUH.  ilng.  Ann.  1,  46|| 
Wufikouroder,  A'ctrf/i.  Arrh.  11,  222;  Plancho  &  Lecann,  J.  i*Aan».  1 J 
837.) 
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Aqiuout  Carbonati  of  Potath  ;  Oil  of  Tartar,  Oleum  tartari  per  dtk 
quium.  Liquor  nitrijixi.  Both  the  anhydrous  and  the  crystallized  i 
deliquesce  rapidly  in  the  air  and  form  an  oily  liquid. — 10  parts  of  dr 
eurbonatc  of  potash  cx]>oBod  for  4*2  days  to  an  atmosphere  saturated  wit 
moisture,  attract  36  parts  of  water.  (Brandos,  iichw.  51,  423.)  1  part  i 
carbonate  of  potash  requires  fur  solution  at  3''  (37'4°  F.),  1*05  pftrta  ( 
water;  at  6°  (42-8  F.),  0  962  parts;  at  12  6'  (54^  F.),  09  parts;  at  8fl 
(78-8  F.),  0-747  parts;  and  at  70'^  (158°  F.),  0-49  parts  of  w.iter.  (OswuuJ 
The  specific  gravity  of  the  most  concentrated  solution,  containing  48-8  ] 
cent,  of  salt,  is  1-54,  and  its  boiling  point  113°  (235*4  F.) — JJalion. 

AmotirU  of  Anhydrou*  Salt  contained  in  an  Aqueovt  Solution  of  Carbona 
qf  Pottuh,  according  to  TUnnerman.  {N.  Tr.  18, 2, 20),  at  15°  (50°  F.). 
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1-1IC6 

10-769 

1-UU48 

1-3692 

31-328 

1-2417 

20-539 

1-1052 

9-790 

h.  SEsani-CARBONATE  OP  Potash  1 — An  aqueous  solution  of  bi-car 
bonate  of  potash  boilod  as  long  as  it  evolves  ourbonio  acid — or  a  solution 
of  1  atom  of  carbonate  aud  1  atom  of  lii-carbonate  of  potash  in  hot  water- 
yields,  on  cooling,  crystals  of  the  sesiiui-ealt;  these  crystals  are  deliqu 
scent  in  the  air.  and  insoiublo  in  alcohol.  (BcrthoUct;  Berzelius,  Ltkrvt 
4,  104.)  According  to  H.  Uoso's  experiments,  the  existence  of  this  sail 
is  doubtful  {yid.  III.  p.  25). 

C.  Bi-rARUONATE    OP    PoTASD. — litrlholUCi    netitral    earbonate 

polaxh. — Known  only  in  combination  with  water. — I.  When  a  concentrated] 

^JolttUon  of  simple  carbonate  of  potash  is  saturated  with  carbonic  acid  gas, 

tie  gTMfer  part  of  the  wore  difficultly  soluble  bL-acid  salt  orystalliies  out. 
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TiiA  ekrboaie  acid  gas  ^neratcd  during  tbe  fermentation  of  wine,  maj  be 
el>Dduct<^d  into  Ibe  potash-ley  by  means  of  a  conneclinj^  tabo;  or  the  Icy 
may  be  placed  in  an  open  vessel  in  the  space  filJe^l  with  earbonic  acid 
J(M  uvcT  the  fermenting  liquid:  or  the  carbonic  acid  gas  may  bo  evolved 
Cram  chalk,  marble,  &e.,  by  means  uf  diluted  sulphuric  or  hydrochloric 
acid.  The  gas  is  first  conducted  through  a  bottle  half  full  of  water,  to 
free  it  from  auy  impurities  mechanically  carried  over,  and  then  into  the 
potaah-lev.  This  is  contained  either  in  a  number  of  Wonlfe's  bottles 
oonnected  by  bcut  tubes,  or  iu  one  large  vessel.  The  apparatus  may  be 
•o  amnged,  that  the  rarbouic  acid  shall  be  given  off  exacdy  at  the  same 
rate  as  it  is  absorbed.  The  gas  may  be  evolved  either  from  the  gas-gene- 
nting  vewel  of  Mohr  (App.  44,  described  II.  92),  or  from  a  Woulfe's  bottle 
fill«i  with  pieces  of  chalk,  and  having  a  narrow  bent  tube  fitted  into  ouo 
of  it4  raoulh!<,  the  inner  end  reaching  to  the  bottom  of  the  bottle,  whilst 
iho  outer  end  pa^si-h  iuto  a  vessel  containing  common  dilute  hydrochloric 
aeid.  The  carbouic  ucid  gas  is  formed  at  first  so  rapidly  and  in  such 
abiiQiLincc,  that  the  air  is  driven  out  of  all  the  bottles  through  the  open 

th  of  the  lust,  and  the  whole  space  becomes  tilled  with  cajbonic  acid 
This  opening  is  hereupon  closed. 

Iu  proportion  as  the  gas  is  absorbed,  either  an  additional  qnantity  of 
brdrcicliloric  acid  passes  into  the  Mohr's  bottle,  or  the  acid  passes  through 
ILe  bout  tube  into  the  Woulfe's  bottio  filled  with  chalk,  and  developes 
more  carbonic  acid. — The  bent  tubes  which  conduct  the  gas  should  not 
be  in  coDla<:t  with  the  potash  solution,  because  they  would  quickly  bo 
ttoiiped  up  by  the  bicarbonate  crystallizing  within  them;  besides,  finer 
Kitd  larger  crystals  aro  formed  wbou  the  solution  is  not  disturbed  bybub- 
liLiM  of  gas. — The  absorption  always  proceeds  slowly,  but  more  quickly  in 
pruftortiau  to  the  concentration  of  the  solution;  large  quantities  require  a 
wcik  to  aaturate  them  completely. — From  common  potash-ley,  carbonic 
Wt^^JjM  tiirows  down  a  large  quantity  of  silica,  which  can  only  bo 
w/fUattpiinted  from  the  crystals,  by  stirring  and  dccauting  the  solu- 
lion.  It  is  well,  therefore,  before  using  the  potash-ley,  to  free  it  from  the 
jSks  by  means  of  charcoal. — If  the  crystals  contain  silica,  they  must  be 
^Bvlved  in  water  at  (JO",  (140°  F.)  to  Baturation,  filtered  and  crystallized 
^■cooling  to  a  low  temperature.  Much  loss  is  however  sustained  by 
^■inudc  of  proceeding;  because,  while  the  salt  is  dissolving,  carbonic 
HB  pa&scs  ofl',  and  simple  carbonate  is  formed  ;  and  a  further  and  pro- 
portiuiially  greater  loss  is  incurred  on  endeavouring  to  recover  the  re- 
■lajoder  of  the  salt  by  gently  evaporating  the  mother  liquor.  ( Vtd, 
W«it«l,  Ann.  Phaim.  4,  80;  Mohr,  Ann.  Flutrm.  29,  268.) 

2.  Solid  carbonate  of  pot&sh,  slightly  moistened,  is  saturated  with 
CBrbrinle  %fiil. — Wohlor  {Aim.  Pharm,  24,  49)  burns  tartar  in  a  covered 
emcible,  moistens  the  carbonaceous  mass  when  cold  with  a  little  water, 
pat*  it  into  a  suitable  vessel,  and  passes  carbonic  acid  gas  through  it  to 
Mliu»liou.  Absorption  takes  place  very  rapidly,  and  with  groat  rise  of 
leiiijwrature;  hence  the  vessel  mucl  be  surrounded  with  cold  water.  The 
BBMB  is  tLcn  exhuu>«ted  with  a  little  water  at  00°  (140°  F.),  filtered,  and 
allowed  to  cool,  wlicu  most  of  the  salt  s«p»ratos  in  large  crystals. — 
DnBi>«  (jV.  Jlr.  Arch,  S3,  30.'<)  evaporates  to  dryness  a  mixture  of  3 
j^rl«  of  rnrbonnto  of  p<itash,  1  part  of  starch,  and  4  parts  of  water;  heata 
I  treats  the  carbonaceous  residue  by  Wohler's  method.— 
(.  .■Irc^i.  17,  252)  reduces  the  half  dry  carbonate  o£ 
H|Mki>  m'.>i8tens  the  mafs  with  alcohol,  and  exposes  it  to  car- 

^^^M<  tbo  gas  i«  absorbed  with  gr«at  riso  of  temperature,  and 


Z4 


POT.VSSIUM. 


the  salt  bakes  together  into  a  diy  mass.     This  is  broken  up,  tnou 
■urith  very  dilute  alcohol,  and  again  exposed  to  the  gas,  by  which  it  be- 
comes completely  saturated. 

3.  A  concentrated  solution  of  carbonate  of  potash  is   heated    witli 
sesqnicorbonatc  of  ammonia,   whereupon  caustic  ammonia  is  given  off. 
?Cartheu8er,  Ada  Ac.  El.  Mogunt.  1757,  1,  14&.)     The  operation  is  con- 
ducted  in  a  retort,  that  the  ammonia  may  be  collected. — Duflos^^A^^ 
A  rch.  29,  aO)  heats  the  filtered  solution  of  4  parts  of  carbonate  of  potlfl^^H 
•4  parts  of  water,  in  a  flask  immersed  in  a  boiling  water  bath — am^^^^ 
part  of  ordinary  carbonate  of  ammonia  in   lumps — places  the  head  on — 
ooils  for  an  hour  or  more — leaves  the  solution  to  cool,  and  collects  the 
crystals.   The  mother-liquor  is  again  treated  in  the  c&me  manner  with  1 
part  of  carbonate  of  ammonia,  and  yields  as  btrge  a  crop  of  crystals  as 
Defore ;  and  an  additional  quantity  on  being  evaporated  and  cooled.     The 
total  quantity  obtained  is  4|  parts. — Bncholz  {Tatckenh.  1817,  148)  and 
Tromrasdorfl  {N.  Tr.  17,  1,  17)  obtained  but  a  small  quantity  of  crystals 
by  this  method. 

4.  A   concentrated   solution   of  carbonate  of  potash,  heated  to  75° 
(187°  F.),  is  mixe<l  with  barely  half  as  much  acetic  acid  or  cream 
tartar,  as  would  be  re<|uired  to  saturate  the  'whole  of  the  potash;  the  acu 
being  added  by  degrees,  till  the  solution  begins  to  effervesce  strongly;  it  i 
then  filtered.     A  considerable  quantity  of  bicarbonate  crystallizes  out  oJ 
cooling.     (Sehlmeycr,  Kattii.  Arch.  2,  4i)5 — Folix,  Br.  Arch.  38,  l.^l.) 

The  crystals  obtained  bv  either  of  these  methods  are  washed  with 
little  cold  water,  and  then  dried  by  gentle  pressure  between  folds  of  bibo 
lous  paper. 

Large  transparent  crystals  belonging  to  the  obliqne  prismatic  syste 
Primary  fonn  ;  a  right  rhomboidal  prism  (Fig.  90).   Cleavage-planes  par 
lol  to  t,  i.  and/.  /. /backwards  =  127'  35';  t:i=  126"  45';   t:l=  lOS 
ay;  I  ii  =  156°  50';  I  :/=  128"  50*;   i  :/=  105''  40*;  t  :  u  =  111°; 
w  :  M  ^  138".     The  increase  of  the  i  surface  often  causes  the  I  and/sur- 
fiices  to  disappear.  (Brook,  A-nn.  Phil.  22,  42.)     Tastes  saline,  slight 
alkaline,  but  no  longer  caustic;  its  reaction  is  slightly  alkaline. 
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The  crystals,  when  dry,  remain  unaltered  in  the  air.  In  vacuo  ovc 
oil  of  vitriol,  they  lose  in  24  hours  only  0'05  per  cent.,  and  in  an  i 
tight  bell-jar  over  hydrate  of  potash,  0'47  per  cent,  of  water.  (H.  Rose.1 
When  strongly  heated,  they  lose  half  their  acid,  together  with  the  water] 
When  the  salt  is  dissolved  in  water,  it  gives  up  the  half  of  its  acid  muc 
more  readily. — A  cold  dilute  solution  placed  by  itself  under  au  exbaa 
receiver  evolves  bubbles  of  carbonic  acid,  amounting,  with  frequent 
exhaustion,  to  4-52  per  cent,  in  20  hours.  If  there  bo  placed  in  the 
vacuum  a  vessel  containing  oil  of  vitriol  diluted  with  so  much  water  that 
it  will  not  cause  the  liquid  to  solidify,  the  solution  emits  large  bubbles 
gas,  and  yields  distinguishable  crystals  of  carbonate  and  bicarbonate 
potash  (but  no  scsquicarbonate),  in  about  equal  quantities.  A  solution 
of  these  mixed  crystals  in  water  again  placed  in  ^-acuo,  still  omits  bubble 
of  carbonic  acid;  but  not  a  third  time.  After  thi(<,  llie  silt  is  found  (  "^ 
lost  10-62  per  cent,  of  carbonic  acid,  and 
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treatment,  simple  carbonate  of  potash  would  at  length  be  obtained  alone. 
By  evaporation  to  drj'ness  over  oil  of  vitriol  in  a  receiver  contaioinfj  air, 
at  a  temperature  between  15°  and  18°,  tho  solution  also  loses  6"3ti  per 
eeut.  of  carbonic  acid;  if  the  receiver  contains  hydrate  of  potash  as 
well  as  oil  of  vitriol,  the  loss  of  carbonic  aci<l  amounts,  after  the  eva- 
poration to  dryness,  to  18-25  per  cent.,  or  nearly  half. — A  eolation  of 
bicsrbonate  of  potash  boiled  in  tho  air,  loses  in  half  an  hour,  1 1'85  per 
cent.;  after  long  boiling — the  water  being  replaced  as  it  evaporates — 
almost  tiie  half  of  the  carbonic  acid  goes  o\f,  so  that  scarcely  anything 
bat  simple  carbonate  remains.  When  the  liquid  is  boiled  under  strong 
pressuri',  the  los.s  of  carbonic  acid  in  the  same  time  is  less.  (H.  Rose,  Pn/j^. 
34.  \iO.) — This  salt  dissolves  in  4  parts  of  cold,  in  f  parts  of  boiling 
water,  and  1200  parts  of  hot  alcohol.  {Vid.  Bergmann,  Opuse.  1,  13;^ 
Bcrtbollet,  iV.  Gr/U.  3,  257.) 


Potassium  and  Boron. 

A.  Boride  (,f  Potamtiml — According  to  Sir  H  Davy,  these  two  ele- 
ments unite  without  inflammation,  and  form  a  grey  metallic  mass,  which 
conducts  electricity,  and  is  decomposed  by  contact  with  water,  yielding 
{luUu^h  an<l  hydride  of  boron.  According  tx)  Gay-Lussac  &  Thenard,  tho 
pmduct  obtained  by  heating  the  two  elements,  is  not  a  chemical  cora- 
puund,  but  only  a  mixture. 

B.    Borate  of  Potash. 


a.  MoNOBORATE. — When  100  parts  of  boracic  acid  are  heated  to 
mioess  with  excess  of  carbonate  of  potash,  a  (|iiautity  of  carbonic  acid 
IS  given  ofl",  as  much,  namely,  as  waa  previously  combined  with  139  parts 
of  potash.  (Arfvedson). — The  compound  ia  obtained  pure,  by  fu.'^ing 
togtether  one  atom  (=  34'S  parts  of  vitrefiod  or  GTS  parts  of  crystallised) 
boracic  .icid  with  one  atom  (  =  69'2  parts)  of  dry  carbonate  of  potash.  It 
is  fiwible  at  a  strong  white  heat — difficultly  soluble  in  water — and  does  not 
rryKiallizo  from  tho  solution;  has  a  distinctly  caustic  alkaline  taste — 
And  absorbs  carbonic  acid  from  the  air,  till  it  is  converted  into  a 
mixtnre  of  one  atom  of  carbonate  of  potash,  and  one  atom  of  biborate  of 
potash.  (Bcrzolius,  Poffff.  34,  568.) 

b.  BtBORATR. — A  solution  of  carbonate  of  potash  is  supersaturated 
witb  boracic  acid  at  a  boiling  heat,  and  solution  of  potash  added  till  tho 
liqaid  becomes  alkaline;  it  is  then  left  to  crystallize.  At  first,  the  salt  d 
cnrslallij'-cs  out,  ami  then  from  the  moihcr-liquor  the  salt  b. — Crystallizes 
in"  regular  six-sided  prisms,  acute  rhombohedrona  with  tho  lateral  vertices 
often  truncated,  and  double  six-sided  pyramids.  {Fi(j.  135,  151,  154,  and 
l.'^l  )  Tastes  slightly  alkaline;  reddens  turmeric;  swells  in  the  fire  like 
bontx,  and  then  fuses  to  a  clear  glass;  dissolves  readily  in  hot  and  cold 
■wtilet.  (Gin.;  Laurent.) 

CalcuUtion. 

KO 47-2    -    5756 

no* 34-8  ....  42-44 


AriVeilson. 
..  5S-I6 
41-Hl 

KO    

2BO*     .... 

Caloulatjon. 

47-2  ....  29-17 

69-6  .. .  43-02 

Laurent 
...  28-5 
4.'J-7 

5H0 

450  ....  27-Hl 

-   27-8 

28 


POTASSTOM. 


e.  Tehborate. — Fornia  sometimes  on  the  evface  of  the  forrjioine 
solution  in  rcctanf^ular  prismK,  tcnniDatcd  with  four-sided  sammitJi  whicn 
arc  set  upon  tho  lateral  edges  (therefore  with  the  m,  (,  and  a,  faces  of  tba 
ri^'ht  ])risinatic  system).  Unaltered  in  the  air;  fu«e«  eftsily,  and  at  the 
Htmo  time  froths  up.  (Laurent.) 

d.  Sexborate. — Crystallizes  from  the  solotion  when  it  is  neutral,  or 
when  it  reJdeus  litmus. — Hipbt  rectangular  prisms,  terminated  by  four  or 
six-sided  summits,  mostly  hcmitropic.  Very  brilliant.  Turns  reddened 
litmus  slightly  blue.  Permanent  in  the  air.  Dissolves  sparingly  in  cold, 
freely  in  boiling  water.  The  solution  coloured  blue  with  tincture  of 
litmus,  assumes  a  wine-red  oolour  on  the  addition  of  a  little  eulphnrio 
acid,  which  sets  free  tho  boracic  acid.  It  is  not  till  all  the  potash  is 
saturated  with  sulphuric  acid,  that  a  drop  of  tho  tincture  produces  the  bright 
red  colour.  (I,,  1;')2;  Laurent,  Ann.  Chim.  Pkijs.  G7,  215;  also  Ann. 
Pharm.  28,  89;  also  J.  pr.  Chan.  14,  506.) 
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PoTASSnJM   AND   PnOSPHOBUS. 

A.  PnospiiiDE  OP  Potassium. — 1.  Potassium  unit«8  with  phosphornsi 
when  gently  heated  with  it  in  a  vessel  containing  nitrogen,  the  com- 
bination   being    attended    with    evolution    of    light    and    heat.     (Gay-" 
Lussac   an<l   Thenard.)     Lender   rock-oil,   the  combination   takes  place 
without  combustion,  merely  causin";  the  oil  to  boil.  (Magnus,  Poffff.  17, 
527.)  — 2.  Heated  potaMium  withdraw.s  t!ie  pho.«pliorus  from  phosphu- 
retted  hydrogen  gas.  (Gay-Lussac   &  Thenard.) — 3.  Potassium   heated 
with  glacial  phosphoric  acid,  yields  a  red  nia,s.s,  which,  wheu  mixed  with 
water,   gives  off  tho  less   inllamniablo  phospliuretted  hydrogen.    (G.ty- 
LuEsao  &  Thenard.)     Probably  a  mixture  of  phosphide  of  potassium  and  ' 
hosphate  of  potash. — To  obtain  this  compound  pure,  pota-ssium  must  Ih> 
leatcd  with  excess  of  phosphorus   in  a  thin   glass  flask,  through  which  a 
current  of  dry  hydrogen  gas  is  pnssnd,  till  flame  is  produced,  and  further 
till  the  excess  of  phosphorus  is  volatilized.  (H.  Rose,  I'o^y.  12,  .047.) 

Dark  chocolate-brown  substance  without  metallic  lustre.  (Gay-Lussac 
&  Thtoard.)  When  excess  of  potassium  is  present,  the  compound  is 
dark-grey,  and  possesses  metallic  lustre  (H.  Davy);  copper-red,  having 
the  metallic  lustre;  crystalline;  emitting  bubbles  when  crystallized  after 
fusion  (H.  Rose);  when  prepared  under  rock  oil  it  is  dark-yellow  and 
spongy.  (Magnus.) — Heated  in  the  air,  it  burns  with  lively  inflammation 
and  forms  phosphate  of  potash.  (H.  Davy.). — With  water  it  is  decomposed  I 
into  phosphuretted  hydrogen,  hypophosphite  of  pota.sh,  and  solid  phos- 
phide of  hydrogen.  The  evolution  of  the  j)ho.sphuretted  hydrogen  is 
followed  by  a  sort  of  explosion.  This  gas  is  sometimes  easily  inflam> 
innble,  sometimes  diflicultly  so;  and  its  volume  is  greater  than  that  of  tho  1 
hydrogen  which  the  potassium  contained  in  the  compound  would  of  itself 
have  evolved.  If  the  vessel  filled  with  hydrogen  gas,  in  which  the  pbos- 
jiliido  of  pota«.»iuni  was  prepared,  be  opened  under  water,  so  that  only  tho 
vapour  of  water  comes  in  contact  with  the  phosphide,  decomposition" pro- 
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I  tttia  grndnAlly,  with  the  production  of  spontancoosly  inflammable  phos- 

"hnrettoii  bvdroi^n  gas;  from  the  decomposed  mass  water  dissolves,  bvpo- 

Uto  of  potoj^li  ijuite   free  from  phoupbate,  and  sc[>arato8  a  yellow 

rliirb,  on  boin;;  beali-d,  melts  and  assumes  the  appearance  ol  pbos- 

(H.  Hose.)     Tbis  yellow  powder  is  solid  pbospbido  of  bydrogen. 

.,  Hkla^ruus.) 

I  B.  CoMPornD  or  Potash  and  Pnospnonio  Oxtdh. — Phoepboric  oxide 
^Kvrcd  witb  a  solution  of  potnsb,  becomes  blacic  by  combining  witb  tbe 
|H|Mb,  but  quickly  passes  into  pbospbnrcttcd  bydrogen  gas  and  phos- 
[pMte  of  potoiih. — A  small  quantity  of  tbo  oxide  dissolves  in  absoluto 
[alrohol  wbicb  contains  a  little  poiash,  producing  a  brigbt-red  solution, 
I  nnA  is  ajpiin  thrown  down  as  bydralo  by  weak  sulphuric  acid.  (A  solu- 
I  tjfin  rirber  in  potash  would  soon  effect  a  decomposition  into  pbospbu- 
'  vdrogen  and  pboapbate  of  potash.)     If  more  phosphoric  oxide  is 

tbe  red  solution,  it  becomes  coloured  brown  without  dissolving; 

■■d  a  t'nrtber  addition  of  oxide  throws  down  all  that  was  previously  dis- 
ImItcJ.  Hence  the  compound  of  pnta«h  with  a  litUo  phosphoric  oxide  is 
laalnLIc  in  alcohol,  but  not  that  which  contains  a  larger  quantity  of  tJie 
I  oxide.  The  last  mentioned  brown  compound  is  decomposed  during 
I  waaliing  —  even  with  absolute  alcohol — into  phosphate  of  potash  and 
I  <ixi<l«  of  phosphorus,  becoming  colourless  at  the  same  time.  (I.,evcrrier, 
l^liM.  Chtm.  I'hyt.  65,  2611.) 

I  C  HYPoniospniTB  of  Potash. — Phosphate  of  Jime  is  decomposed 
[  hj  carbonate  of  potash,  the  filtrate  evaporated  to  dryness  at  a  gontlo 
I  brat,  tbe  liypopbospbite  of  potash  extracted  from  the  residue  by  means 
I  of  alciihol,  and  the  solution  evaporated  in  vacuo  over  oil  of  vitriol. — 2. 
I  Solution  of  potash  is  boiled  witb  phosphorus,  and  loft  to  evaporate  slowly 

hi  the  air,  so  that  the  excess  of  caustic  potash  may  be  saturated  with  cur- 
I  lionic  acid;  tbe  residue  is  exhausted  with  alcohol,  and  tbe  solution  placed 
I  ID  vjicuo. — -3.  An  alcoholic  solution  of  j)otasb  is  boiled  with  phosphorus, 
'  tt'f>  lirinid  poured  off  from  the  phosphorus  undissolved,  and — if  much  salt 
lallized  out — tbe  mass  treated  witb  more  alcohol  in  order  to  re- 
it ;  powdered  bi-carbonate  of  potash  is  then  added,  to  convert 
I  tbe  cxrc«s  of  caustic  potash  into  carbonate;  and,  after  some  time,  the  solu- 
llkto  i«  decanted  and  the  alcohol  distilled  off.  (H.  Rose,  Poff<}.  12,  84.  .32, 
l467.)  In  iho  tanie  manner  this  salt  was  earlier  obtained  by  Grottbuss 
l(^im.  Cfiitn.  64,  20),  and  Seroentini  {ScJhp.  17,  384).  Tho  latter  regards 
lit  M  phosphide  of  potash.  According  to  him,  it  is  prepared  either  by 
I^Ming  (ticks  of  phosphorus  in  a  saturated  alcoholic  solution  of  potash, 
^^B  leaving  them  for  a  fortnight  till  uo  more  pbo.spbnretted  byiirogen  is 
^^^Jopcd — whereupon,  the  hitherto  oily  liquid  becomeslimpid,  and  deposits 

%  Tr<l  |>owdpr  together  with  a  part  of  tho  salt  in  scales:  the  rest  may  bo 
I  oLtaiucd  by  evaporation;^-or  by  mixing  a  concentrated  aqueoiu  solution 
I  of  pnlash,  firKt  with  pieces  of  pbosphunis  and  then  with  alcohol:  the 
I  adJjtina  of  tbe  alcohol  causes  evolution  of  phospburetted  hydrogen. 
I  White,  uimqiie,  coufused  crystalline  mass  (Sementini). — Heated  to 
I  rv4ne<ss  oat  of  contact  of  air,  it  evolves  easily  iuflammable  phospburetted 
I  bydrngei),  and  leaves  hypophosphato  of  potai-b.  (H.  Rose.)  Burns  with 
I  »  y»llow  flame  if  bented  in  tbe  air.  Detonates  violently  when  evnptiraled 
ltd  drrni-**  in  contiict  with  nitric  acid.  (Sementini.)  Very  soluble  in 
I  watrr  aiwl  ul<"liol;  deliquesces  in  tbe  air  more  rapidly  than  chloride  of 

ll^BlttlB.     ^I'ub.'llg.) 
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D.  PnospBiTE  OP  Potash.  —  Phosphorons  acid  nentnlized  with 
potash  yicMs  in  vacuo  a  thick  syrup,  in  which  small  crystals  are  found. 
(H.  Rose,  Popg.  0,  28.)  Not  crystallizable,  deliquescing  in  the  air,  iueio- 
luble  in  alcohol.  (Dulong.)  Fourcroy  &  Vauquelin,  who  sought  to  pro- 
duce this  salt  by  the  combination  of  potash  with  phosphorous  acid  prepared 
by  the  slow  combustion  of  phosphorus  and  containing  much  phosphoric 
acid,  obtained  rectangular  four-sided  crystals  with  dihedral  summits — 
having  a  sharp  and  saline  taste — containing  49*5  potash,  39*5  phos- 
phorous (7)  acid,  and  11 '0  water, — unaltered  in  the  air, — decrepit;iting 
in  the  fire,  and  then  melting  with  slight  phosphorescence, — soluble  in 
3  parts  of  cold  and  in  a  smaller  quantity  of  hot  water.  [Was  this  bipho8«j 
pbate  of  potash  ]] 

E.    Ordlxary  or  Tkrbabic  Phosphate  op  Potash. 

a.  Basic  or  Tbi-Pbosphate. — One  atom  of  phosphoric  acid  heated 
with  excess  of  carbonate  of  potasli,  evolves  3  atoms  of  carbonic  acid,  and 
consequently  takes  up  3  atoms  of  potash.  (Mitscherlich.) — Obtaioe<l  by 
strongly  heating  phosphate  of  potash  with  hydrate  of  potasli. — White  masj, 
fusing  at  a  gentle  red  heat  to  aclcarglasa,  which,  on  cooling, always  becomes 
opaque. — It  dissolves  almost  entirely  in  hot  water,  and  separates  on  cool- 
ing in  crystalline  grains.  With  phosphoric,  hydrochloric,  and  nitric  acids 
it  readily  fonns  a  glutinous  liquiil,  from  which,  after  some  degree  of  con- 
centration, it  separates,  on  the  addition  of  alkalis,  in  a  granular  form. 
(Darracq,  Ann.  Chivi.  40,  176.)  By  strongly  heating  2  parts  of  chlorate 
of  potash  with  1  part  of  (syrupy  1)  phosphoric  acid,  and  exhausting  tho 
mass  with  water,  Darracq  obtained  this  salt  as  an  insoluble  residue. 
(Should  not  this  he  mctaphosphato  of  potash  1) — The  solution  obtaine 
from  phosphoric  acid  fused  with  excess  of  carbonate  of  pot:i.sh,  yield 
email  needles,  very  soluble  in  water,  but  not  altogether  deliquescent.^ 
(Graham,  Pogg.  32,  47.) 

Calculation.  Siussare. 

3KO  „  141-6     6C'48     65 

cPC  71-4     33-52     35 


SKCcPC 213-0    100-00     100 

b.  NEtJTHAL  OR  Di-PnosPHATE. — 2K0,  HO,  cPO\     Cannot  be  oh 
taincd  in  a  crystalline  form.  (Graham.)     The  square  octnbodrons  which 
Thomson  asserts  he  obtained  of  this  salt,  belong  probably  to  the  salt  c. — 
This  salt  in  solution  is  deeonipose<l  by  sulphate  and  hydrochlorate  of 
ammonia,  by  double  affinity.  (Funcke,  N.  Tr.  8,  2,  60.) 

c.  MoKOPnospiiATE. — Acid  Phosphate. — Pho.iplioric  neid  is  added  to 
neutral  phosphate  or  carbonate  of  potash,  till  the  liquid  reddens  litmus 
paper ;  on  drying,  however,  tho  paper  again  becomes  blue.  When  solu- 
tion of  phosphoric  acid  is  exactly  neutralized  with  potai-h  and  evaporated 
till  crvslallization  commences,  acid  phosphate  of  pot;ish  crystallizes  out, 
and  (lie  mother-liquor  possesses  an  alkaline  reaction.  (Mitscherlich.) — 
Crystalline  system,  the  square  prismatic.  (Fii;.  23  and  30.)  The  crystals 
of  Fig.  23  form  best  in  a  solution  which,  at  the  same  time,  contains  neu- 
tral phosphate  of  potash,  e  :  e'  =  1-22°  16'  (122"  2'  Brooke);  e  :  e'  = 
86°  24';  e:r=  133°  12'  (133"  l.V  Brooke);  r  :  r  =  90".  (Mitscherlich.) 
As  the  crystals  contain  only  2  atoms  of  basic  water  and  no  water  of  crys- 
tallization (KO,  2H0,  cPC),  they  continue  clear  even  at  204*".  (Graham.). 


PYROPHOSrHATE  OF  POTASH.  29 

Thia  salt  melta  in  the  firo  to  a  clear  glass  of  metapbospfaate  of  pot 
I  ■which,  howerer,  becomes  opaquo  on  cooling.  It  tastes  very  acid,  and 
IstroiiKly  reddens  litmuii  paper,  though  the  redness  disappears  on  drying. 
jEuily  dissolved  by  water;  insoluble  in  alcohol.  (  Vauquelin,  i47i«.  Ghini. 
[74,  1»5;  .Milscherlich,  Ann.  Chim.  Phys.  19,  364;  Brooke,  J»m.  PhU, 
(23,  480.) 

Calculation.  Miticbcrlicb.  Calcnladon.        Mitschcrlicfa. 

KO „     47-2    ....     39-8     ....     39-6-»        KO 472     ...     34-551        g,.,. 

PO»    ....     71-4     ....     60-2    ....    6139        ePO'  714     ....    52-27)    •    '"' " 

2HO 18-0    ....    13-18  ....    13-74 

c  f^lied  118-6     ...   100-0     ....  10103        CryitaUiie(1136-6    ....  100-00  ....  10000 


F.    Pyrophosphate  op  Potash. 

a,  Nbtttral  PrROPnosPHATE,  2K0,  6P0'. — 1.  Obtained  by  heating' 
[B,  6,  to  redness.     The  salt  dissolved  in  water  docs  not  crystallize  on 
rvapomtion,  but  is  reconverted  into  E,  6,  by  combining  with  one  atom  of 
lauic  water.  (Graham.) — ?    2.  By  treating  an  alcoholic  solution  of  potash 
with  a  slight  excess  of  ordinary  phosphoric  acid,  and  afterwards  adding 
alcubol  tilt  the  liquid  becomes  milky:  in  the  course  of  24  hours,  a  denso 
■  acid  syrup  separates,  which  is  a  mixture  of  2K0,  HO,  PO'  and  KO,  2H0, 
j  IH)*.     The  syrupy  mixture  is  then  evaporated  to  dryness  in  a  platinum 
dish  an<l  ignited,  whereby  a  mixture  is  obtained  consisting  of  pyrophos- 
phate and  metaphosphato  of  potash,  which  can  readily  be  sepiirated  iu 
I  consequence  of  the  insolubility  of  the  hitter  salt  in  water.     Pyropho.sphate 
of  {xitosh,  after  ignition,  forms  a  white  fused  mass,  which  deliquesces  very 
rapidly  in  the  air;  its  aqueous  solution  has  an  alkaline  reaction,  and 
'  Bi*y  be  boiled  without  being  converted  into  ordinary  phosphate.     This 
diuge  takes  place  however  when  the  solution  of  the  salt  is  boiled  with 
CMistic  pota&h.     When  a  syrupy  solution  of  pyrophosphate  of  potash  ia 
erapfinted  over  oil  of  vitriul,  itsolidiSes  to  a  brilliant  white  radiated  mass 
=  2K0,  PO*  +  3Aq.     One  atom  of  water  is  driven  off  below  100°,  but 
Ihe  salt  is  rendered  anhydrous  only  at  a  temperature  of  300'.  (Schwarzen- 
,fcei5,  Ann.  Pluirm.  55,  133.) 

Calculation.         Schwarzeuberg.        Crystallized. 

94-4     ....     50-93     ....     56-71         2KO  1„,  „ 

71-4     ....     43-07     ....     42-71         4 PO»  )'"'"' 

3HO      27-0     .. 


SchwarzcDberg, 
86     ....     85-89 
14     ....     14-11 


2KO,tK>»   I6&-8 


100-00 


99-42 


192-8 


100 


100-00 


h.  Acid  Pyrophosphate. — The  neutral  salt  is  dissolved  in  acetic  acid 
and  alcohol  added;  acid  pyrophosphate  of  potash  separates  in  the  form  of 
a  syrupy  liquid,  leaving  acetate  of  potash  dissolved  in  the  alcohol. 

2KO,PO»  +'a?HO  =  KO.HO,PO»  +  KO,A^ 

ISjrrupv  liqnid  is  washed  several  tinie.i  with  alcohol  and  placed  iu  a 
ter  oil  of  vitriol;  it  solidiGes  in  a  few  days  to  a  white  deliquescent 
tBiM.  The  aqneous  solution  is  acid  to  test  paper,  and  may  be  boiled 
without  being  changed  into  the  ordinary  phosphate. 

Calculation.  Scbwancnberg. 

KO „ 47-2    36-99    3714 

HO 9-0    7-05    7'IS 

6PO»  71-4     55-96     55-73 


KO.  HO.tl'O* 127-6     lUUOO 

kwftrsonborg,  Anrt.  Pharm.  05,  133.)  T 


lUO'UU 
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G.    Metaphospbatz  of  Potash. — KO,aPO', 


1.  Acid  phosphate  of  potash  E,  e,  gradually  heated  to  above  204° 

S399-2''  F.)  undergoes  aemifusiou  and  becomes  partly  soluble  in  water, 
f  heated  almost  to  redness,  it  is  rendered  wholly  insoluble;  and  if  then 
fused  and  raised  to  a  wiiite  heat,  it  undergoes  no  further  change.  Water 
boiled  for  an  hour  with  the  powdered  salt  dissolves  nothing.  Graham 
does  not  precisely  explain  whether  ho  considers  this  substance  as  the 
metaphosphat«  of  potash  or  not. — 2.  The  salt  obt.iined  in  solution  from 
mixture  of  aqueous  metaphosphoric  acid  and  potash  is  permanent,  but  nol 
crystallizable.  (Graham,  Po</(/.  32,  64.) 

IF  3.  When  a  mixture  of  equal  parts  of  chlorate  of  potash  and  syrupy 
phosphoric  acid  is  strongly  ignited,  and  the  residue  digested  with  water, 
mctnpbo^phate  of  potash  remains  in  the  form  of  an  auhydrous  compound, 
nearly  insoluble  in  water,  but  dissolving  in  acids,  whether  concentrated 
or  dilute.  The  acetic  acid  solution  gives  a  white  precipitate  with  nitrai 
of  silver. 

CalcnUtion.  MaddrvU. 

KO 47-0    39-8     39-645 

PO» 71'4     60-2    60-355 

KO,  PO 118-4     1000    100-OUO 

(Maddrell,  2lem.  Chem.  Soe.  3,  373.) 


H 


Potassium  and  Sulphur. 

Potaasium  nnites  with  snlphnr  by  the  application  of  a  gentle  heat,  tbft  | 
combination  being  attended  with  vivid  inflammation.    (H.  Davy,  Qay. 
Lussac,  &  Theuard.)    In  (his  niannor,  1  atom  of  potassium  combines  wl ' 
at  least  1  atom,  and  at  most  5  atoms^  of  sulphur.  (Bcrzelius.) 

A.    MoNosuLPniDE  OF  Potassium. — 1 .  Hydrogen  gas  is  passed  ore 
snlphate  of  potash  at  a  red  he.at.  (Berzelius.) 

K0,80»  +  4H  =  KS  +  4H0. 

— Tho  glass  or  porcelain  tube  is  attacked  in  this  operation  from  the 
fonnation  of  silicate  of  potash,  and  thereby  much  hydrosulpliuric  acid 
evolved.  (Berroiius,  Regnault,  ^nn.  CAim. /'/iy«.  b'2,  aSfi.) — 2.  872  par 
(I  At.)  of  sulphate  of  potash  are  heated  to  bright  redness,  with  rathe^ 
more  than  24  parts  (4  At.)  of  charcoal,  or  in  a  charcoal  crucible.  (Berthier.j 
If  the  heat  is  not  sufficient,  about  -J-  of  the  jiotasb  remains  undecomposod 
and  a  mixture  is  formed  of  pot.a.sU  with  a  sulphide  of  potassium  contain 
ing  more  than  one  atom  of  sulphur  (Gay- Lussac.)    If  an  excess  of  carbon 
U  not  used,  the  product  consists  of  sulphide  of  potassium  having  more 
than  one  atom  of  sulphur,  and  carbonate  of  potash.  (Wittstock.) — 3.  Also 
according  to  Berzelius,  when  sulphur  i.s  ^'cutly  heated  (at  a  temperature] 
of  105°,  Fordos  (t  Gelis)  with  excess  of  hydrate  of  potjk->h,  the  mixture  I 
boils  up  and  monosulphide  of  potassium  is  formeil,  mixed  however  with  j 
hyposulphite  of  potash. 

3(KO.  HO)  +  4S  =  2KS  +  KO,  S'O'  +  3H0. 
-The  sulphide  obtained  by  the  first  process  is  of  a  light  cinnabar-red 
Ipolour,  with  a  crystalline  fracture,  becoming  dark  with  heat,  and  melting  J 
[below  redness,  after  which  it  appears  black  and  opaque.  (Bcrzelius.)  Thai  ] 
'■Ruined  hy  the  Bocoad  ])ruccsa  ia  of  a  beautiful  fleah  colour,  translncenl^i 


DOUBLE  SULPHIDE  OF  HYDROGEN  AND  POTASSIUM. 


irrvgvlarly  cryBtalUae,  »nd  volatile  at  a  red  heat.  (BertLier,  Ann,  Chm. 
Pkyt.  Si,  233.) 

CalcuUtion. 

K 39-2 7101 

B  ICO    2899 

K8    55-2     lOOOO 

krUt  nhstance  barns  very  slowly  at  a  red  heat  In  tho  air,  bcoaoM  it 
Vly  becomes  covered  with  a  crust  of  sulphate  of  potash.  (Bcrzeliug: 
hicr.)  Sulphide  of  potassium  is  deliquescent  in  the  air;  that  obtained 
by  the  second  method  dissolves  in  water  with  considerable  rise  of  tempen- 
ture,  so  that  any  portion  of  carbon  still  mixed  with  it  becomes  luminous 
00  itioisteniug  the  mass.  The  solution  contains  either  hydrated  sulphide 
of  pnta]4^ium,  or  monohydrosaiphute  of  potash:  or,  according  to  H.  Rose's 
wppovition  {Pogg.  55,  533),  one  atom  of  free  potash  with  one  atom  of  the 
double  sulphide  of  hydrogen  and  potassium  : 

2KS  +  HO  =  KG  +  KS.  HSj 

orbihydrosulphato  of  potash.  (II.,  22.'i,22G.)    The  same  solution  is  obtained 

by  dividio;;  a  solution  of  potash  into  two  etjual  parts,  saturating  one  part 

■with  hydrosulphnric  acid,  out  of  contact  of  iiir,  freeing  the  solution  from 

the  exces:  of  hydrosulphurio  acid  absorbed  by  the  water,  and  then  mixing 

it  with  the  other  part.     The  solution  is  a  colourless  liquid,  having  an 

allialiuo  and  bitter  taste,  a  highly  alkaline  reaction  and  corrosive  proper- 

ticf;   mixed  with   hydrochloric   acid,   it  evolves  sulphuretted  hydrogen 

MMtliout  depositing  sulphur;  it  likewise  exhibits  the  decompositions  de- 

^Hilwd  At  page  226,  Vol.  II.    When  sulphide  of  potassium,  made  according 

^D  the  first  or  second  method,  contains  more  than  one  atom  of  sulphur, 

tbe  dilution  is  yellow  and  becomes  clouily  on  the  addition  of  an  acid,  in 

eoDsequence  of  the  deposition  of  sulphur.     The  solution  evaporated  out 

of  contact  uf  air,  leaves  sulphide  of  potassium.      From  a  concentrated 

•olutiou,  ab!K>lute  alcohol  separates  hydrated  sulphide  of   potassium  or 

I  mou'i-liydniBulphate  of  potash,  in  the  form  ofan  oily  liquid  which  again 

^b(i  \n  excess  of  alcohol.  (Berzclius,  Pogg.  6,  438.) 

V  '  of  potassium  unites  with  many  electro-negative  metallic  suK 

phiii".:?,  liMiiiing  sulphur  salt.i.  which,  when  dissolved  in  water,  may  be  con- 

(tdi-rvd  at!  double  salts  of  hydrosulphuric  acid.    It  is  very  soluble  in  alcohol. 

B.  DiiOBLE  StTLPniDE  OP  Htdrogen  and  Potassium. — SuJpfi-hpdi-ale 
9j  pDlattiinn. — 1 .  When  a  quantity  of  potassium  which  evolves  from  water 
vee  measure  of  hydrogen  gas  is  heated  in  hydrosulphuric  acid  giis,  it  takes 
tin  nad  absorbs  all   the  sulphur  and  half  the  hydrogen  from   two  meo- 

I  wrf"  <»f  the  gas,  leaving  ono  measure  of  hydrogen  free.  (Guy-Lussao 
Ic  Tbeoanl.) — 2.  Hydrosulphuric  acid  gas  is  passed  over  curhonate  of 
p6ta*li  at  a  low  red  heut  us  long  as  water  and  carbonic  acid  gas — which 

I  eacapo  with  ebullition — are  given  off.  (Berzclius.)  Greyish  yellow  or 
ktvwn  (Gay-Lussac  &  Thcnard);  white  (but  yellowish  if  tlio  accesii  of  air 
he  not  entirely  prevented)  crystalline  and  black  when  melted.  (Ber- 
■elio*.) — With  dilute  acid*  it  evolves  a  volume  of  hydrosulphuric  acid 
gu,  twice  as  great  as  that  of  the  hydrogen  which  the  potassium  present 
would  net  (rre  from  water.  (Gay-Lussac  &  Theoard,  Rtcherch.  1,  185; 
.linn.  Chim.  95,  1C4;  Ann.  CJUm.  Phy».  14,303.) 


CilcuUlioD. 

Or: 

Ctlculatiou. 

K8._ 

5li-2     76-4C 

K 

....    392     54-.'»0 

H*^ 

17'0    „    2354 

2S 

....    320    44-32 

H 

....       1-0    „.       1-38 

KS.US... 

72-3    10000 

•• 

72'8    \W<itJ 

w 
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It  <leliquesccs  rapidly  in  the  air;  and  wben  put  into  water  forms,  witli- 
ont  effervescence,  a  clear  solution  whieb  may  be  considered  cither  «• 
solution  of  double  sulphide  of  hydrogen  and  potassium  or  as  bi-hydrosol 
phate  of  potash  {zwdfach  hydrotkion-kali).  The  same  liquid  is  obtained' 
oy  saturating  a  solution  of  potuh  with  hydrosulphuric  acid  in  a  closa 
vessel,  and  boiling  to  expel  the  excess  of  gaa  retained  by  the  water.  If 
eolation  of  potash  be  put  into  a  tubulated  retort — and,  by  means  of  a  tube 
fitted  into  the  neck,  hydrogen  gas  be  passed  into  the  retort  till  all  the  air 
is  expelled — then  hydrosulphuric  acid  gas,  as  long  as  it  is  absorbed — the: 
a^in  hydrogen  gas,  while  the  liquid  is  heated  till  it  is  evaporated  to  the' 
consistence  of  syrui>— and  finally  the  retort  closed, — large  colourless  crys* 
tals  are  obtained,  having  the  form  of  four  aud  six-sided  prisms,  terminat«d 
by  four  and  six-sided  summits.  The  crystals  when  exposed  to  the  air 
again  deliquesce  to  a  syrup.  (Berzolius.)  The  aqueous  solution  smells 
slightly  of  sulphuretted  hyilrogen,  tastes  strongly  nJkaline  and  bitter,  has 
a  strong  alkaline  reaction,  and  acts  corrosively  on  organic  substances.  It 
changes  in  the  air — first  forming  a  yellow  solution  of  pentasulphido  of 
potassium  and  potash,  or  hydrosulphite  of  potash  and  excess  of  potash  : 
5(KS.  HS)  +  80  =  2KS5  +  3K0  +  oUOj 
or:  5(KO.  2HS)  -i-  BO  =  2(K0,  HS»)  +  3KO  +  BHO. 
and  subsequently  a  colonrless  solution  of  hyposulphite  of  potasli 
KS,  HS  +  iO  =  KO.S^O-  +  HO; 
or:         KO,2HS  +  40  =  KO,  S^O'  +  2U0. 

But  at  the  same  time  the  carbonic  acid  of  the  air  expels  some  of  tho 
sulphuretted  hydrogen  gas — hence  the  odour.  Sulphur,  especially  with 
the  aid  of  heat,  drives  out  half  the  hydrosulphuric  acid,  and  dissolves, 
producing  yellowish  brown  pentasulphido  of  potassium  or  hydrosulphita 
of  potash.  Acids  liberate  sulphuretted  hydrogen  gas,  but  ilo  not  throw 
down  sulphur,  unless  the  solution  has  been  exposed  to  the  air. 

C.  Bi-suLPHiDE  OP  Potassium. — ].  One  atom  of  bisulpbate  of 
is  heated  to  redness  with  7  atoms  or  more  of  charcoal.  (Gcigcr.) — 2, 
alcoholic  solution  of  the  double  sulphide  of  hydrogen  and  potassium  isT 
exposed  to  the  air  till  a  film  of  hyposulphite  of  potash  begins  to  form  on 
the  surface,  and  then  evaporated  to  dryness  in  a  close  vessel.  (Bcrzelius,) 
When  a  mixture  of  270-8  parts  ( 4  At.)  of  carbonate  of  ])otash  with  rather 
less  than  112  parts  (7  At.)  of  sulphur  is  heated  to  redness,  bisulphide  of 
potassium  is  obtained,  mixed  with  sulphate  and  undccomposod  carbonate 
of  potash. 

4(K0.C0=)  +  7S  =  3KS'  +  KO,  SO>  +  4CO».     (Benelias.) 

Tho  salt  prepared  according  to  the  first  method  is  yellowish  red,  of  crys>  j 
talline  texture,  and  deliquescent.  (Oeiger,  N.  Tr.  3,  1,  453.)  That  pre- 
pared according  to  the  second,  is  orange-yellow,  not  crystalline,  and  easily 
fusible.  (Berzelius.)  Tho  aqueous  solution  is  yellow  when  expose<l  to  the 
air,  and  passe4s  into  hyposulphite  of  potash  without  depositing  sulphur.  It 
contains  either  bisulphide  of  potassiom  or  a  mixture  of  hydrosulphate 
and  hydrosulphite  of  potash. 

4KS'  +  4HO  =  3(K0,  HS)  +  KO,  HS». 
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Ctlculition. 

39-2    5506 

32        44-94 
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D.  TBRscLPBroE  OP  PoTAssnjM. — 1.  Vapour  of  bisulphide  of  carbon  is 
puaed  over  carbonate  of  potash  heated  to  redness,  as  long  as  a  permanent 
gu  la  evolved. — 2.  A  mixture  of  276-8  parts  (4  At.)  of  carbonate  of  potash 
and  1(10  p.arts  (10  At.)  of  sulphur  isj^radually  heated  to  redness.  A  mix- 
ture, which  swells  up  from  the  escape  of  carbonic  acid  gas,  is  thus  formed, 
ronTjUoing  1  atom  of  sulpliato  of  potash  and  3  atoms  of  lersulpliide  of 
IKttassiam. 

4(KO,CO^  +  lOS  =  3KS»  +  KO,SO>  +  4C0'. 

With  a  smaller  quantity  of  sulphur,  the  same  mixture  is  formed,  contami- 
Dat(.<d  however  with  the  excess  of  carbonate  of  potash,  provided  that  the 
heat  be  milled  by  degrees  merely  to  low  redness,  or  till  tbo  mass  is  brought 
into  a  state  of  tranijuil  fusion;  with  a  stronger  heat,  on  the  other  hand, 
hisnipbide  of  potassium  is  formed,  with  rapid  escape  of  carbonic  acid. 

VeUowish  brown  when  solid — black  when  fused.  (Berzelius.)  The 
browuisb  yellow  solutiou  in  water  becomes  colourless  in  the  air,  from 
fumialii/n  of  hyposulphite  of  potash  and  deposition  of  one  atom  of  sul- 
phar.  It  o^utaius  eitbor  tcrsulphide  of  pota^<sium  or  ono  atom  of  hydro- 
wipbatc  with  Olio  atom  of  hydrosulpbite  of  potash. 

2KS»  +  2H0  =  KD.HS  +  KO.HS'. 

Calculatioii. 

K 39'2     U-96 

3S 48-0     55-04 


KS» 


87-2     100-00 


Bcrzolius,  iu  passing  hydrosalphurio  acid  gas  over  red-hot  sulphate  of 
{M>taah  OS  long  at  water  was  formed  (.^ulpbur  at  the  same  time  being 
ile|Kwitc«l  from  the  gas),  obtained  a  compound  which  was  red  and  trana- 
}i»rvnt  when  cold,  fused  readily  and  then  liecame  black;  dissolved  in  water 
-  •'  yellow  colour,  and  contained  40-45  per  cent,  of  potassium  with 
!  sulphur.  Berzelius  is  inclined  to  rcganl  tliis  substance  as  a  com- 
Liu:i!  uii  of  2  atoms  of  potassium  with  7  atoms  of  sulphur,  or  as  a  3^sulphide 
Iff  potaniuvi. 

R  TBTRAsuLPniDE  OF  PoTAssiuM. — 1.  Sulphate  of  potash  at  a  red- 
•  Miposed  by  vapour  of  sulphide  of  carbon. — 2.  A  mixture  of  3 

1  iitai^ulphide  of  potassium  and  1  atom  of  sulphate  of  potash  is 

J»r»!j>aiv"J  by  heating  together  ]  jiart  of  carbonate  of  potash  with  2  parts 
tt  fvlpbur;  the  free  sulphur  is  driven  oil";  and  hydrosulphuric  acid  gas 
■Hara  tlirougli  the  fused  mass  as  long  as  water  and  sulphur  are  set  free. 
Tb*  Iivdrogen  of  the  hydrosulphuric  acid  combines  with  the  oxygen  of 
liuric  acid  and  of  the  putash,  wliilst  its  sulphur  i.s  deposited  in 
_  i.rirt   of  the  tube;  and  there  remains  l.")  -|-  1  =16  atoms  of  sul- 

ji  +-  1  =:  4  atoms  of  ])otassium  =  4:1. 

1)  brown.  (Berzelius.)    The  brownish  yellow  aqueous  solution 
"iind,  when  exposed  to  the  air,  deposits  2  atoms  of  sulphur 
I.-. 11,. Tied   intf>  hyposulphite  of  potash.     It  maybe  supposed  to 
I  atom  of  hydrosulphato  of  potash  and  3  atoms  of  hydrosulpbite. 


4KS*  +  4UO=  KG,  HS  +  3(H0,HS'). 


Calcnlation. 


Berzelios. 


K,. 

48.. 


39-2 
64-0 


37-98 


3C 


62-02    (>4 


KS* „  103-2    100-00 


100 
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1/  lhtt)n|Erh  n  mixture  of  tetrosulphide  of  potnasinra  and  exeen  of  at 

Sbnr  ke|jt  at  »  rcd-hent  hylrostilphiiric  aciil  gas  (nr  nny 
oci  not  miisc  nxidation)  is  [m,«.«pil,  till  sulphur  ce.n«c3  to  1 
it,  2  atoms  of  potoKsluni  rotimin  in  comljiiintion  witli  9  atwiiM  i<l  &utbb( 
This  coinpouiul  is  consiJonvl  Ly  Remclius  as  a  sojmrnto  degree  of  < 
phumtioii,  which  may  be  called  4^'Sulphide  of  potaseiuvt. 

F.  pENTAfli'LpniDE  OF  PoTAKsiUM. — 1.  Potas«iura  or  ono  of  the 
phidc8  proviouijly  dcocribeJ  in  heatod  iu  a  retort,  with  exc«$«  of  i>iiliiit| 
till  the  exce-'s  of  eulphur  is  Tolatiliied.    IT  When  a  mixtare  of  potjwn  ( 
excess  of  sulphur  is  fused  at    lOo^,  the  result  is  simply   monosulph 
of  putas8iuni  mixed  with  hy|)osulphite  of  potash;  but  at  a  higher  1 
peraturc,  tho  latter  is  docomposcd  into  pentuulphide  of  potaMiiun 
sulphate  of  potash. 

^CKCSJOO  =  3(KO,SO»)  +  KB*. 
fFordoB  and  06lis,   Ann.  C'him.  Phyi.  8,   18,  S9.)^ — 8.    Four 
(4  .  GO'2  =  270-8  parts)  of  carbonate  of  potofh  are  gradually  ' 
low  rcdliefis,  with  at  least  10  atoms  (16  .  IG  =  256  parta)  of  Mill 
e,ff.  equal  parts  of  each — (6'cA.  37.) 

4(KO,CO--)  +   16S  =3KS«  +  KO.SOJ  +  4C0«. 
The  mass  is  very  apt  to  swell  up  and  pass  out  of  the  ressel;  if 
bonato  of  pota-sh  contains  moisture,  hydrosulphuric  acid  g»a  is  eii 
together  with  the  carbonic  acid.     The  excess  of  .sulphur  however  ^ 
volatilized;  or  if  the  heat  be  but  moderate,  it  renuiins  in   the  form  uf 
separate  stratum  on  the  top  of  the  mixture  of  3  atoms  of  jtentaaulpbido  j 
potMiinm  and  1  atom  of  sulphate  of  potash.     When  carbonate  of  poti 
la  heat«d  with  an  equal  ijunulity  of  sulphur,  not  beyond  250 ',  all  the 
bonio  acid  is  equally  driven  awuy,  but  the  residue  is  a  mixture  of  p«nl 
aulpbido  of  potOMiom  and  hyposulphito  of  jtotash.  (Mitscherlich.) 

SKO  +  128  =  2K8'  +  KO,  S'0». 
—3.  Hydrate  of  potash  is  gently  healed  with  excess  of  sulphur.    A 
ture  is  thus  formed  of  one  atom  of  pentasalphide  of  {Kitossium  and 
atom  of  hyj>o(iulj>liitc  of  potiw-h,  which  rises  in  part  above  the  sulphide 
potassium  in  the  form  of  a  white  salt. 

3;KO,  HO)  +  12S  =  2KS»  +  KO.  SK)»  +  3H0,    (Ben»liu».) 

Dark  yellowish  brown,  fusible,  smelling  of  snlpbnretted  hydrogen,  h*ri( 
an  alkaline  bitter  taste,  and  alkaline  reaction. 


K.. 
5S 


C'Alculation. 

39-2     82-80 

80-0     6711 


K,  S« 119'2     10000 

Pontasnlphide  of  potassium  gives  up  it«  exceai  of  sulphur  at  a  i 
lisat  to  silver  (as  well  us  many  other  metals;  StrvUiu),  so  that  w«. 
dissolves  out  protosuljibiilo  of  potassium,  and  leaves  sulphide  of  sill 
behind.  (Vauquclin,  Ann.  Cliim.  I'byt.  (!,  2:>.)  It  burns,  when  boated] 
the  air,  producing;  culplmte  of  pota-'h  and  sulphurous  aci<I.  When  kept] 
badly  i-loeed  vessols,  it  oxidizes  gradually  and  forms  a  mixture  of  h^ 
pbite  of  potash  and  sulphur. 

KS'  +  30  =  KO.  9<y  +  3S. 
It  dissolves  very  rca<lily  in  water  and  alcohol,  forming  a  yellowish  broi 
solution;  whoa  it  dibsulvM   iu   water,  cold   is  produced,  according 


LIVER  OP  SULPnUH. 


ss 


fj    Hr.io  ' Poyti.  55,  533);    alcoLol   leaves   iinJlssolTcd    the  Buljibate   or 
li;  113  of  potash  which  is  foiiiid  mixed  with  the   salt   prepared 

%f  M  the?  second  and  third  niethodH. — Tlie  aqueouu  solution  con- 

ta  T   pentasulphide   of  potassiuui.   or  hvdrosulpbite   of  potash. 

(Kr.— /,.i  =  KO,HS»j. 

A  solution  of  the  same  nature  is  obtained  in  either  of  the  following 
wsjrs:    1.  The  aqneona   solution  of  one  of  the  preceding  sulphides  of 

Ektusinm   or  of  the   double   sulphide   of  hydrogen    and    potassium   is 
posted    with   sulphur  till   saturated.     When    the  double   sulphide   of 
liTdroi.'*"?!  and  potassium  is  thus  treated,  it  gives  up  1  atom  of  hydro- 
id — 2.  A  solution  of  potash  is  boiled  with  sulphur.     In  this 
iilphite  of  potash  is  formed  at  the  same  time  (rti/.  the  third 
rn  for  the  pentasulphido  of  potassium).     Carbouatc  of  potash 

■  I  for  a  longer  time  behaves  like  caustic  potash  (H.  Rose, 
27).      The  yellowish    brown   solution   when   exposed  to  the 

_      .  ,       1-;    3  atoms   of  sulphur   and   is   converted    into   nyposulphite 
vt  potash.      By  the  gradual  addition  of  an  acid,  it  is  resolved  into  A 
»»Ti  •(  r.nt-is|]|  hydrosulphuric  acid,  and  4  atoms  of  sulphur,  which   \6 
i  in  the  form  of  milk  of  sulphur;  if  on  the  contrary  it  is  gn.- 
•A^,,,  ai.in'd  loan  excess  of  acid — hydrochloric  acid  for  instance — it  is 
owvertcd  into  a  salt  of  potash  and  persulphidc  of  hydrogen.     The  bisul- 
t'    '-    tersnlphide,  and  tetrasulphide  of  potassium  behave  in  the  same 
r,  except  that  when  treated  with  excess  of  acid,  they  always  yield 
'uric  acid  together  with  the  persulphido  of  hydrogen.      Hydro- 
rid  passed  through  this  solution  precipitates  4  atoms  of  sulphur 
'•s  bisulphide  of  potassium  (Duflos,  Hchw.  03,  212);  so  that  the 

■  reverjied  according  to  the  temperature. — The  solution  gives 
of  sulphur  to  many  of  the  heavy  metals,  and  with  peculiar 

lopper,  and  is  thereby  converted  into  a  colonrle.«  solution  of 
le  of  potassium.  (Vauquelin.)  When  heated,  it  dissolves  an 
'[uautity   of   sulphur;  but   this  again   separates  on   cooling. 

f  Sulphur,  Ilepar  sulphurU  talinvm  sev,  alcaUnum, — which 
!    by  gently   heating   sulphur  with    carbonate  of  potash  in 
Is,  f.  g.  in  covered  earthen  or  cast-iron  crucibles, — but  freest 
ity.  in  glass  flasks.^-consists  of  tersnlphide,  pentasulphide,  and 
•  ■  sulphides  of  potassium,  according  to  the  projiortions  em- 
id  with  sulphate  and  often  at  the  same  time  with  carbonate 
i-ii.      By  taking  276*8  parts  (4  At.)  of  c4irbouate  of  potash,  and 
—  |(tO  parts  (10  At.)  of  sulphur,  a  mixture  is  obtained  consisting 
torn  of  sulphate  of  pota.sh  and  3  atoms  of  tersnlphide  of  potJissium. 
le."is  sulphur  is  used  ami  a  lower  heat  applied,  it  likewise  contains 
'     irbonate  of  potash;  if  the  heat  be  stronger,  the  tersul- 
'•  the  bisulphide,  and  a  larger  quantity  of  carlwnate  of 
.  umposcd.    Lastly,  if  the  amount  of  sulphur  exceeds  10  atoms, 
converts  the  bisulphide  into  tetrasniphide  or  pentasulphide 
II.     4  atoms  of  carbonate  of  potash  rc<]uire  16  atoms  of  sulphur 
Mtasnlphide  of  potassium.     Consequently,  for  27C'8  parts  of 
f  pot.osh,  1(10  parts  of  sulphur   is  the  smallest  quantity  that 
'    nnd  this  produces  tersnlphide  of  potassium;  250  jiarts  is  the 
iilphide  being  produced;  any  excess  of  Sulphur  l.iyond 
'.  ithout  entering  into  combination.      In  the  comniou  pro- 
-'  parts  of  carbonate  of  potash  to  1  part  of  sulphnr,  the  quan- 
!iur  is  therefore  too  siuall, 
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G.  HyposPLPHiTE  of  Potash. — 1.  By  boiling  salphile  of  potad 
with  sulphur.  In  thi.s  way,  trithionatc  of  potash  is  also  furnioit  uudvr  oel 
tain  circumstances. — 2.  By  exjiosing  to  the  air  the  aqueous  or  alcohol] 
solution  of  the  double  eulphidv  of  potassium  and  hydrogen  or  of  U 
sulphide,  tcrsulphide,  totrasulphidc,  or  pentasulphidc  of  potassia]n.H 
KirchhofT  boils  1  part  of  sulphur  with  3  parts  of  carbonate  of  potash  u 
adds  8  parts  of  lime,  renewin;j  the  water;  filters;  neutralizes  the  potafl 
in  excess  with  sulphuric-acid  (this  would  not  be  necessary  if  more  sulpbl 
were  employed);  and  evaporates:  the  sulphate  then  erystalliies  out  fill 
and  afterwards  the  hyj>osulphite. — Berrelius  puts  the  alcoholic  solution  I 
bisulphide  or  tcrsulpfudo  of  potassium  into  a  bottle  loosely  6top{ied :  tl 
hyposulphite  of  potash  then  crystallites  out,  and  is  freed  from  adheriq 
Gulphido  by  washing  with  alcohol. — 3.  Sulphurous  acid  gas  is  pasn 
through  solution  of  liver  of  sulphur,  till  the  liquid  becomes  colourless;  I 
is  then  filtered  and  evaporated. — IT  4.  By  fusing  equal  parts  of  bichlj 
mate  of  potash  and  sulphur,  or  100  parts  of  neutral  chromate  with  4 
parts  of  sulphur,  a  mixture  of  sulphate  and  hyposulphite  of  potash  1 
obtained  together  with  insoluble  scsquioxide  of  chromium.  Doppiug(Jiil 
Pharm.  44,  172,  1843)  recommends  the  following  process.  A  solution  I 
monochromate  of  potash  (one  part  of  salt  to  8  parts  of  water)  is  ditfostfl 
with  monosulphido  of  potassium  in  a  sand  bath.  At  a  temperature  JB 
above  the  boiling  point  of  the  liquid,  the  chromate  of  potash  is  decod 
posed,  chromic  oxido  being  separated,  and  hyposulphite  of  potash  formal 
the  solution  is  filtered,  boiled  to  precipitjite  any  chromic  oxide  held  I 
Bolntiou,  and  evaporated  to  the  crystallizing  point;  the  salt  separan 
in  colourless  prismatic  crystals.  Or,  a  solution  of  chromate  of  potash  I 
healed  with  a  solution  of  liver  of  sulphur  (prepared  by  fusing  togietbl 
equal  parts  of  carbonate  of  potash  and  sulphur)  in  a  sand  bath,  the  livj 
of  sulphur  being  added  in  small  portions  at  a  time  till  green  scsquioxide  I 
chromium  ceases  to  be  precipitated.  The  clear  solution  is  then  boiled,  I 
in  the  former  case,  to  separat«  any  scsquioxide  of  chromium — filtered,  ad 
evaporated  to  the  crystallizing  point.  A  small  quantity  of  sulphate  1 
potash  is  deposited  first;  afterwards  hyposulphite  of  potash  crystalltfl 
out  of  a  yellow  colour  and  in  rhombic  octohedrou^;  the  mother-liqnj 
decanted  from  this  salt  and  again  evapomted,  deposits  li.i,'ht<jr-colouil 
crystals  in  the  form  of  six-sided  prisms  with  dihedral  summits.  Whl 
the  concentration  is  carried  too  far,  the  li(iuid  frequently  solidifies  ten 
brilliant  mass  of  needles,  which  differ  however  from  the  octohedral  ed 
only  in  containing  less  water. — 5.  Ke«sler  [Poijij.  74,  274)  prepares  hyn| 
sulphite  of  potash  by  a  modification  of  Diipping'a  process,  namely  l 
adding  a  hot  solution  of  bichromate  of  potash  in  small  portions  at  a  tid 
to  a  hot  solution  of  pentasulphide  of  potassium,  waiting  each  time  till  tl 
precipitated  sesquioxide  of  chromium  acquires  a  pure  green  colour.         j 

2KS«  +  4(K0.2CrO»)   =   5(K0,S'0*)  +  4Cr»0>  +  KO.  I 

By  evaporating  the  filtered  solution  at  a  temperature  of  30",  thin  fofl 
sided  prisms  are  obtained  =3(K0,  S'O')  -|-  HO.  On  agitating  d 
mother  liquor  of  these  crystals,  a  white  crystalline  powder  scparatd 
which  again  dissolved  on  applying  heat  and  adding  a  small  quantityj 
water.  On  cooling,  however,  large  brilliant  crj'stals  were  deposited  n 
longing  to  the  right  prismatic  system.  Permanent  in  the  air.  Probabl 
composed  of  3(K0,  S'O')  +  5H0.  IT. — Transparent,  inodorons,  coolij 
and  afterwards  bitter  to  the  taste.  Crystallizes  iu  four-sided  prisa 
(Kirchhofl).  j 
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CAlcalalion.  Rammeliberg.  DSpping. 

Ociolinlrml  uli,  Nrtdln. 

3KO  ^..     141-6    48-07     47-71     42-60    45'15 

»SrO* 144-0     48-88     4948     44-22     46-25 

HO  9-0    3  05    3-10    13-18    8-60 


S(KO,S»0«)  +  no     294-6     10000    100-29     10000    10000 

Tho  ciystals  analysed  by  Rammelsberg  were  dried  in  vacao.  This 
mli  loses  at  200°  (F.  392'-)  31  per  cent,  of  water;  and  if  tLo  heat  is 
Increased,  it  is  converted,  without  any  loss,  into  a  cinnabar-rod  mixture  of 
1  ai.ini  of  pentnsulphide  of  potassiam  and  3  atoms  of  sulphate  of  potash. 
•  '•■'  I  ',  S'O'  =  KS'  +  3K07SO')-  But  if  the  salt  is  not  completely  dehy- 
!  before  the  temperature  is  raised,  a  small  (juantity  of  sulphur  is 
gi.rii  off,  but  no  8ul)ihurou8  acid.  (Rammelsberg,  Foffff.  56,  2i>6.) — 
t2'9  grauimcs  uf  the  salt  yield  on  being  heated:  (a)  a  gas  which  has  a 
ui  -  '^  -ive  odour,  like  that  evolved  from  sewers,  and  blackens  lead- 
»;i  "04  grammes  of  sublimed  sulphur;  (c)  2-8  grammes  of  a  fused 

hr<iw  tilth  mass  which  behaves  like  a   mixture  of  sulphide   of  potassium 
and    sulphate    of    potash.    (Vauquclin.) — Hyposulphite  of  potash   deli- 

Saeoccs  in  the  air.  The  concentrated  solution  forms  a  thin  syrup.  When 
»e  a<)ueou.s  solution  of  the  salt  contains  excess  of  potash,  it  is  converted, 
on  exi>oeiiro  to  the  air,  first  into  sulphite  and  then  into  sulphate  of 
potash.  It  dissolves  certain  heavy  metallic  oxides,  as  the  oxides  uf 
aiwiuc,  copper,  silver  and  mercury.  (Kircbhoff.)  The  salt  ia  insoluble 
in  alcohol. 

H. — T.  PEjrrATnioNATE  op   Potash. — KO,  S'O*. — Known  only  in 
(olntion.     Very  nnstable  (vid,  II.,  164). 

1.     TBTRATnioNATE  OP   PoTASH. — KO,S*0'. — 1.   Prepared  by    the 

igw4o«l  addition  of  iodine  to  a  concentrated  solution  of  hyposulphite  of 

1i  till  the  reddish  brown  colour  becomes  permanent.     The   tetra- 

ife  of  potash  separates  completely  an<l  is  dissolved  in  hot  water;  tho 

■□  is  then  filtered  from  free  sulphur,  and  mixed  with  alcohol  till  tho 

;it  first  formed  slowly  redissolves   in   the  liquid.     On  cooling, 

:irates  in  large  crystals.  (Kessler,  y^oi/y.  74,  249.) — 2.  When 

•  acid  is  added  to  a  concentrated  solution  of  acetate  of  potash, 

, 'Urates  in  a  pulverulent  form,  in  which  state  it  is  more  stable 

.<  lien  in  large  crystals.  T 

K.     TRiTnioNATE    OF    PoTAsn. — KO,  S'O*. — Preparation. — (Vid. 

IT..  1()7.) — 1  2.  By  passing  a  current  of  sulphurous  acid  gas  through  a 

led  solution   of  hyposulphite  of  potash  dissolved  in  a  mixture  of 

'•<  of  water  to  1  part  of  alcohol.     The  salt  separates  in  a  crystal- 

ilvcrulent  form;  this  powder  is  rodissolved  in  water,  heated  to  be- 

:>0'  and  00°,  filtered  from  sulphur,  and  mixed  with  an  eighth  part 

•hoi.     On  cooling,  trithionate  of  potash  is  deposited  in  slender,  fonr- 

oblinuely  truncated  prisms.  (Plessy,  J.  fur  prod.  C/tem.  33, 348.)  IT. 

lit   rhombic   prisms  with  dihedral  summits  resting  on  the  acute 

'   OS.  (Prevostaye,  N.  Ann.  Chim.  I'hyt.  3,  354.)     Of  a  saline 

ur,  ncntrul   to  vcgofablo  colours,  unaltered  in  tho  air.     100 

I  UiLi  salt  heated  to  redness  in  a  close  vessel,  evolve  11-88  parts  of 

.',  aud  23°76  parts  of  eulphuroua  acid,  leaving  64-36  parts  of  sol* 
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ph&te  of  potasli.     Its  solution  when  boil(yl  is  rcsolTcd  into  salj 
Bolphite  of  potash  and  free  sulphur.  (Polouzc.) 

KO,S>0»  =  S  +  S0«  +  KO.SC. 

(Langloifl,  Ann.  Pharm.  40,  102.) 

CalcoUtlon. 

KO -..    47-2    34-91 

SH)»    88-0     C5-09 


KO,S»0*   135-2 


100-00 


L.  Sm-PHiTE  OP  Potash. — a.  Monosclphite,    StaKFt  mIpAum}i.—m_ 
Sulphurous  aciJ  gas  is  passed  through  solution  of  carbonate  of  potaah  in  i 
Woulfe's  apparatus,  till  the  carbonic  ax;id  is  expelled;  the  solution  is  thfl 
evaporated  out  of  contact  of  air.     The  salt   forms  clear  crystals  whifl 
contain  water,  but  only  mechanically  mixed,  and,  according   to   Ber 
hardi  {N.  Tr.  9,  2,  14),  are  identical  iu  form  with  those  of  the  simple  cu 
pbate  of  potash.     The  crystals,    according  to  the  above,   are  abrupt 
truncated,  irregular,  double  six-sided  pyramids,  with  a  short  prism  oi( 
intervening  (Fig,  7(3),  &o.     It  has  a  penetrating,  acrid,  and  sulphu 
taste. 

H  According  to  Mnspratt  {Ann.  Pharm.   50,  259,  1844),   the 
crystallizes  in  oblic^ne  rhombic  octohedrons.  containing  2  atoms  of  water. ' 


KO  

...  47-2     ... 

...     59-59     ... 
...     40-41     ... 

....     54-5     ... 
....     43-5     ... 
20 

....     48-51 

so« 

Water  by  docrepitation ... 

...  32-0     . 

....     82-75 
...     I8-74 

K0.80«   

...  79-2     ... 

.. .  10000    - . 

....  100-0    ... 

....  10000 

Decrepitates  when  heated,  losing,  first  water,  then  a  little  sulphuroij 
acid,  and  then  sulphur  in  small  quantity,  and  leaves  a  reddish  mixture  ( 
sulphate  of  potash  and  sulphide  of  putaBaiam.  (Vauquelin,  Ann.  Chin 
P/ij/t.  C,  19.) 

4(KO,  SOO  =  3(K0.  SfV)  +  KS. 

It  detonates  with  nitre.  (Bergman,  0/>m«c.  3,  384.)     BeoomesopaaM 
in  the  air,  and  is  converted  into  sulphate  of  potash,  but  more  rapiol] 
when  in  solution.     In  solution   it  reduces  the  oxides  of  mercury,  silv« 
and  gold,  to  the  metallic  state;  the  higher  oxides  of  manganese,  iron,  i 
copper,  to  a  lower  degree  of  oxidation;  and  is  itself  converted  into 
pnate  of  potash.     The  solution   is  decomposed  by  baryta  or  lime-wat 
which  throws  down  from  it  sulphite  of  baryta  or  lime;  likewise,  by  doiiblj 
affinity,  by  the  phosphate,  sulphate,  hydrochlorate,  or  nitrate  of  ammonii 
or  soda,  as  well  as  by  soluble  salts  of  baryta  or  lime.     The  salt  dissolvfl 
in  1  part  of  cold,  and  in  a  smaller  quantity  of  hot  water.  (Fourcroy  ( 
Vanquelin,  Ann.  Ckim.  24,  254;  also  d-fll.  Ann.  1800,  2,  395.) 

6.  BisiTLPHiTE.     If  Prepared  by  supersaturating  a  rather  strong  sold  _ 
lion  of  carbonate  of  potitsh  with  sulphurous  acid,  and  precipitating  with 
absolute  alcohol.     A  white  acicular  mass  of  crystals  is  obtained  which 
most  be  collected  on  a  filter  and  washed  with  absolute  alcohol.     The  sa]( 
has  an  unpleasant  sulphurous  taste,  is  neutral  to  test  pa])er,  and  slowW 
evolves  sulphurous  aci<l  in  the  air.     By  leaving  the  sujiersaturated  sola 
tion  in  a  close  vessel  fur  some  weeks,  the  salt  is  obtained  in  beaulifa 
rhombic  prisms.     Its  fonnula  is  KO,  2S0'.  HO. 

The  salt  may  be  obtained  in  the  anhydrous  state  bj  pa*siog  sulphti 
oua  acid  gas  into  a  hot  saturated  solution  of  M^BfllR  o^  poiaah  til 
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efferroscence  eeoMs.  The  solution  acquires  a  f^ocn  colonr,  and  Jcposita 
lUic  coinj>ounil  iti  hard  granular  crystals,  which  mujt  be  collected  un 
fa  filtiT  washed  with  a  tuiall  quanlily  of  alcohol,  and  dried  hetweeu 
|iaper.  This  salt  dissolves  but  slowly  in  water  and  alcohol,  and 
uiisulublo  in  ether.  Has  a.  saline  and  not  unpleasant  taste;  docs  not 
|«rolve  «ul]ihurous  acid  in  the  air.  When  it  is  heated  iu  a  tube,  eulphur 
iblinie«  and  large  quantities  of  eulphuroua  acid  oro  evolved,  sulphate  of 
IpotJLsh  being  left  behind. 

2(KO,2SOf)  =  SO'  +  8  +  2(KO,SO»). 

[(Miispratt,  Ann.  Pharm.  SO,  259.)  IT  Crystallizes  raoro  easily  than  the 
I  neatral  sulphite;  gives  ofl'  one-half  its  acid  when  boiled  with  salphur  and 
I  water.  (Berielius,  L</irb.  3,  81.) 

M.  HrposrLPHATB  op  Potash. — Hyposulphate  of  liino  is  precipi- 

at  a  boiling  heat  by  carbonate  of  potash,  or  hyposulphate  of  baryta 

ilphale  of  potash,  at  common  teniperaturos,  or  hyposulphate  of  man- 

Bene  liv  ]>iitaah,  always  iu  equivalent  proportions;  the  solution  is  tillered 

aod  L-vaponited.     The  crystals  are  tmnsparent  and  belong;  to   the  ri^ht 

»lic  system  {f'iy.  77),  without  the  I  surface  and  the  surfafo  8itu» 

re  it,  having  on  the  contrary  the  ;j  surface;  «'  :  w  =  11!)'  54'; 

<t  =    126^  3U'.  (It  has  the  crystuUino  form  of  sulphate  of  pola>h; 

Valchucr,  Sehw.  44,  245.)     The  crystals  have  a  pure  bitter  t«»l«,  nndaro 

td  on  in   the  air;  decrepitate  strongly  with   heat;  and  leave  72-4!) 

It.  <if  sulphate  of  potash.     They  dissolve  in  16'5  parts  of  water  at 

(tO'8'  v.),  in  156  parts  of  boiling  water,  but  not  in  alcohol.  (Het<reu, 

7.  72.) 

CrjttalUicd.  Reemi, 

KO    ■17-2     39-GO     39-86 

>(         72-0    60-40    58-75 

Wmut  of  decpepitation  .......  1-39 


HO.S«0» 


119-2     10000     100-00 


I 


N.  StTLi-HATE  OP  PoTAsn. — a.  MoNoscLPnATB. —  Vitrioliied  tartar, 
'JVt*..,./.  r'tfinlntuf,  Arcaninn  dtiplkatum,  Sal  poly chrcstum  O'lasen,  Sal 
dt  /'cijicum  purgana  faracelti,  Panaaea  holsatica,  Panacaa  da- 

Allium  vitriolalum,  Spiritut  viirioU  coayulabilia. — Hydrate  of 
jirinklcd  with  oil  of  vitriol  emits  light  in  the  dark  (Heinricb);  it 
a**,  aii-mrbs  the  vapour  of  anhydrous  sulphuric  acid  at  ordinary  tempera- 
,tireii.   (H.  Rose.) — The  salt  is  obtained  as  a  by-product  in  the  prepiu-ation 
;  acid  and  English  oil  of  vitriol,  and  in  the  purification  of  crude  pot- 
lals  clear,  hard,  and  generally  small.    Specific  gravity  =  2-l)232 
ten),  =  2t>3(J  (Watson),  =  2062  (Kopp).     Cryatulline system,  the 
pri.mntic  (Fuj.  76  &  77).     u'  :  u  =  73°  28|';  u  -.m^^  Via"  44^'; 
;«  =  143-  I.IV;  n:n=  112    22';  n  :  nj  =  140"  11';  n  :  I  =  123'  48'; 
, :  y  -  1  .'■.0°  12';    y  :  m  =  n9M8  ;   y:  y  below  =  120°  24';  p  :  a  ^ 
.  u  =  133°  45^'.  (Mitscherlich,  Pi>g<j.  18,  109;  see  also  the 
uwnts  of  Brooke,  ^(nn. /■/((:/.  23,20;  W.  Phillips,  J »/«. /'/(i/. 
iburdi,  iV.  Tr.  9,  2,  14.)     Decrepitates  in  the  fire,  and 
i  al   '  ';  crystallizes  us  it  becomes  solid.     Not  volatile;  tasted 

bl7  «alin«  and  bitter. 

t-rjilAUllfU.  «(ii<iU       Kiniu.      DUlciD.         B>nu<I.         CgniHUo. 


-n-o 


64-1.1 

r'l  H7 


54-75 
4.V35 


55 
45 


55-3        67-24 


.S7-7I 


63-6 


44-7 


42-76        42-29        36-4 


2       10000       100-00       100       100-0       10000       100-00       lOU'O 
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80»  .-... 
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BucboU. 

_ 55-67     ... 

43-33    . 

TboniioD. 
67-6 

...  3ro 

HO  

1-00    .. 

1-4 

10000    ., 

1000 
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Heated  to  redness  with  A  its  weight  of  charcoal,  it  is  changed  into 
protosulphide  of  potassium.     Moftof  the  stroiif^r  ncids  separate  half  of  it* 
potash,  and  leave  bisulphat-o  of  potaah  (I.,  126,  and  tich.  88).     2  atoms 
sulphate  of  ]>otash  dissolved  in  1  atom  of  moderately  warm  hydrochln; 
acid,  yield,  on  cooling,  tabular  crystals  of  hisulphato  of  pota*h  and  r.u^ 
of  ciilorine  of  potassium ;  from  bisulphato  of  potash,  on  the  contrary,  hyil 
chloric  acid  cannot  abstract  potash.   (Kane,  Aim.  Plutrm.  Ifl,  1.)     Thu 
powdered  salt  ab.sorbs  the  vapour  of  anhydrous  sulphuric  acid  very  slowl 
and  gives  it  off  entirely  on  being  warmed.  (H.  Rose,  Poijg.  38,  122  ' 
100  parts  of  water  at  0°  dissolve,  with  slight  lowering  of  tcmperatu 
8'36  parts  of  the  salt,  and  for  every  degree  above   0°,  0*1741    pi 
(Gay-Lu8sa«.)     A  solution  saturated  at  S''  has  a  specific  gravity  of  1-0' 
(Anthou,  Repert.  50,  346) — 1  j)art  of  sulphate  of  potash  dissolves  in  9' 
parts  of  water  at  18-75°,  and  the  solution  has  a  specific  gravity  =  1-0791 
(Karsten.)     In  solution  of  potash  of  1-35  specific  gravity,  it  is  quite  in 
soluble.  (Liebig,  Ann.  Pharm.  11,  262;  also  Brandcs  k  Firnhaber,  B\ 
Jahrb.  24,  2,  68;  and  Brandes  &  Gruner,  Br.  Arc/i.  22,  147.) 

b.  SBsaiTi-8t7LPnATE. — Crystallizes  from  a  solution  of  the  normal  ea 
pbate  in  dilute  sulphuric  acid,  together  with  biaulphate  of  potash,  and 
the  fonu  of  asbestos-like  threads.  (R.  Phillips,  P/iil.  Mag.  Ann.  1,  42 
also  Katln,  Arch.  13,  198.)     Jacqoelain  succeeded  but  once  in  obtainii 
this  salt. 

CrystaUizod.  Phillips. 

2K0   94-4     42-26     4280 

.ISO"  120-0    53-71     52-45 

HO  9-0    4-03    4-75 

2(K0,  SO-^)  +  HO,  S0»    223-4     10000     10000 

e.  BiscLPHATE. — 1.    87-2  parts  (1   At.)  of  sulphate   of  potash 
melted  together  with  49  parts  (1  At.)  of  oil  of  vitriol. — 2.  A  hot  sola 
tion  of  1  atom  of  sulphate  of  potash  in  a  mi.\ture  of  ^....1  atom  of  vitril 
and  water,  yields  crystals  of  the  normal  salt  immediately  on  cooling;  ih 
mother-liquor  drawn  oil"  and  evaporated,  afterwards  yields  needles  of  the 
anhydrous  bi-acid  salt.     These  may  also  be  obtained  by  evaporatingj 
solution  of  1  atom  of  sulphate  of  potash  in   1^...  2  atoms  of  sulphuc 
acid;  but  the  mass  of  salt  obtained  by  evaporation  in  the  latter  caa 
liquefies  in  the  course  of  5  days,  and  yields  rhombohedrons  of  the  hj 
drated  bi-ncid  salt;  with  3  atoms  of  sulphuric  acid  to  ono  of  sulpha 
of  potash,  this  change  occurs  soouer;  and  with  5  atoms,  even  in  one  nou 
Both  the  anhydrous  and  the  hydrated  salt  can  be  formed  as  well  at  coi 
mon  temperatures  as  at  40°;  the  former  especially  when  thu   sulphur 
acid  is  present  in  xmall  quantity,  .and  the  latter  when  it  is  in  excefl 
From  a  solution   of  1   atom   of  sulphate  of  potash  and   1  atom  of  oil  i 
vitriol  in  hot  hydrated  hydrociiloric,  nitric,  tartaric,  or  acetic  acid,  onl 
the  hydrated  rhombohedral  salt  crystallizes  out,  so  that  llieae  acid-;  act 
the  siunc  manner  as  an  excess  of  sulphuric  acid.   (Jaoaa|l||B^ 
residue  left  after  the  preparation  of  nitric  acid  froniXB^Hf 
2  atoms  of  sulphuric  acid  is  dissolved  in  hot  water  anil  WvUd,  «uJplmt«  of 
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poiuh  fiwt  separates  in  crystals,  ■which  have  a  sour  t&sto,  but  only  in  con- 
eenuence  of  the  solution  siill  adhering  to  them;  and  the  mother-liijuor,  on 
being  afterwards  placed  in  a  cool  situation,  yields  needles),  and  at  last  short 
thick  pri&ms  of  the  hydrated  biacid  salt,  whilst  a  large  portion  solidiiica  in 
a  dendritic  mass  of  minute  crystals.  (Geiger.)— The  anhydrous  salt  crys- 
tallines in  fine  needles,  having  a  specific  gravity  of  2-277,  and  melting 
%l  210°  (410"  F.).  Dissolved  only  in  the  exact  quantity  of  hot  water 
oaeeaaary,  it  crystallizes  unaltcrcft  on  cooling;  but  when  this  mass  is  cx- 
poaed  to  (he  air  for  4  weeks,  the  hydrated  salt  separates  from  it  in  a  mass 
of  small  needles.  (Jacquclain.) 

The  hydrated  salt  crystallizes  partly  (a)  in  rhombohedrons,  having  a 
specific  gravity  of  2-16a,  and  fusing  at  197"  (3S6-6  F.),  partly  (|S)  on  sepa- 
rating from  the  anhydrous  salt,  in  shining  silky  threads,  produced  from  llio 
union  of  the  rhomboids.  (Jaoquelain.) — Tlie  hydrated  salt  which  sepa- 
rates iu  larger  crystals  from  the  aqueous  solution  is  isomorphous  with  the 
oblique  prismatic  sulphur;  but  on  cooling  after  fusion,  crystals  are  pro- 
duced identical  with  those  of  felspar;  the  salt  is  consequently  dimorphous. 
(Xlitscherlich.)  It  sometimes  crystallizes  in  transparent,  thick,  oblique, 
rboinboidal  ])ri6ms,  a,  with  numerous  truncations;  sometimes  in  four  or 
six-sidod  needles,  /3.  (Goigcr.) — Beudant  {Ann.  C/iim.  Phyi.  4,  72)  ob- 
t*incd  from  a  solution  of  !<u]phato  of  potash  in  oil  of  vitriol,  irregular  te- 
trahedrons; from  a  solution  iu  weaker  acid,  rhombohedrons;  and  in  acid 
•till  more  diluted,  rhombohedrons  with  P-fuces  and  other  faces  likc- 
wiae.  Phillips  obtained  right  rhombic  prisms  and  rhombic  octohedrons. — 
The  hydrateu  crystals  retain  their  transparency  at  149°  (300-2"'  F.),  and 
first  lifgin  to  melt  at  Slit'li''  (600"  F.),  when  they  merely  lo.se  a  trace  of 
BUKhaiiically  combined  water.  (Graham.)  Thoy  fuse  at  200°  (392"  F.). 
(Mit*cherlich.)  The  fused  ealt  appears  as  a  pellucid  oil,  and  solidifies  ou 
eooting  to  a  white  transparent  hard  mass.  It  tastes  very  sour,  and  red- 
decs  litmus  strongly. 

Aohydroiu.  Jacquelaio. 

KG 47-2     37-11     3705 

280»   80-0     02-89     62-95 


KG,  2SO» 


127-2    100-00     100-00 


Hjrdrated. 


EO... 
BO- 


47-2     34-65     3455 

80-0     68-74     58-48 

9-0     6-61     fi'97 


Jacquclain.  Geiger. 

a  P  a  fi 

34-56  32-53       7i3%3 

58-69  54-77       55-43 

6-75  12-70       10-74 


136-2     10000    100-00     10000    100  00     10000 

The  hydrated  salt  is  considered  by  Graham  and  others  as  a  double 
■all,  water  being  one  of  the  bases;  thus,  KO,SO'  -|-  HO,  SO'.  The  hy- 
ilrat<^d  ealt  is  not  decomposed  below  a  red  heat;  according  to  Gay-Lussac, 
it  gives  off  when  heateJ  to  redness,  first  oil  of  vitriol,  then  sulphurous 
•ad  and  oxygen  gas,  and  is  converted  into  the  normal  salt.  Anhydrous 
•alph-.itc  of  magnesia  or  sulphate  of  zinc  ex[)ols  oil  of  vitriol  from  the 
nit  when  in  a  state  of  fusion,  and  unites  in  its  stead  with  the  simple  sul- 
pbate  of  potash  to  form  a  double  salt.  KO,  SO'  +  HO,  SO'  with  MgO,SO«; 
■  Ti^da  KO,SO^  -f  MgO.  SO',  and  HO,  SO'.  (Graham.)  Fused  common 
'  with  the  hydrated  salt  in  the  fused  slate,  immediately  evolves 
•  acid.  (Mitscherlich.) 

('•    of  potash   dissolves   in   about  half  its  weight  of  boiling 
■uiiUiuD  Solidifies  to  a  mass  of  necdlea  ou  cooling.     From  » 
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Eolution  in  n  )arg«r  quaniitj  of  liot  water  a  oonsidttiuble  qowiUty  of  simpla 
sulphate  crystiillizos  ont  un  cooling,  leaving  frco  acid  in  the  8<>lution,  aoif 
tLia  in  propori.ion  to  the  amount  of  water  employed  (up  to  n  certuiu  limit). | 
(Geiger.)  When  much  water  is  present,  the  addition  of  even  a  larg^'' 
qnantity  of  sulphuric  acid  cAunot  prevent  the  simple  sulphate  from  orys-  . 
tallir.iug  out.  (Graham.)  When  the  water  is  in  large  excess,  its  atKnit^j 
for  the  sulphuric  acid  overcomes  that  of  the  sulphate  of  potash  for  thai 
latter.  Cold  water  extracts  from  the  salt  a  large  quantity  of  sulphurio 
acid  and  but  little  potash,  leaving  simple  sulphate  of  potash;  the  i>rit<iiiatia , 
cry.slals  are  therefore  deprived  of  their  transparency  liy  cold  water,] 
Builing  alcohol  also  oxtracte  from  the  cryntahs  scarcely  anything  but  sul-l 
phurio  acid,  and  leaves  them  cloudy  and  loss  aeid  to  the  taste.  (Qoigerij 
also  Link,  C'rell.  Ann.  1796,  1,  26;  Berthollot,  Stat.  Chirn.  1,  356;| 
Geiger,  Ma<;.  I'harm.  9,  251;  R.  Phillips,  iViiV.  Mag.  Ann.  1.  42!l,  and] 
Kcutn.  Arch.  13,  198;  Mitscherlich,  J'o<),j.  18,  152  "iTS;  Graham,  i'Ati.J 
Mag.  J.  6,  331;  Jacquelain,  Ann.  Chirn.  Phyi.  70,  311.) 

According  to  Jacquelain,  there  exist  crystalline  compounds  of  sinipla' 
sulphate  of  potash  with   hydrated  phosphoric  and  nitriu  acids.     If  simpla 
sulphate  of  potash  is  diiisolved  in  excess  of  warm  syrupy  phuitp/ioric  acid, 
oblique  six-sided  prisma  are  obtained  on  cooling,  having  afi{>eci6c  gnvitvi 
=  2-290,  melting  at  240''  Uti4"  F.),  and  containing  63  6  percent,  of  suUl 
phate  of  potash,  26"35  uf  phosphoric  acid,  and  10-5  of  water  =  2(K0,SO*)  [ 
-I-  3H0,  PO'.     A  solution   of  sulphate   of  [lotatih  in  warm  nitric  actdi 
yieliLt,  first  a  few  crystals  of  hydrated  bisulpliate  of  potash  and  nitre— , 
then  oblique  prisms,  of  ipeoifio  gravity  2'381,  which  fuse  at  150°  (302"  F.), 
and  consist  of  39-32  percent,  of  potash,  3329  of  sulphuric  acid,  and  27 '47 
of  the  first  hydrate  of  nitric  acid  =  2(K0,  SO')  +  HO,  NO'.      When 
dissolved,  on  the  contrary,  in  hydrochloric  or  tartaric  acid,  it  yield*  Itj" 
dratod  bisulpbate  of  potash  on  the  one  hand,  and  chloride  uf  potassium  or] 
cream  of  Uirtar  on  the  other. 

The  above  two  compounds,  however,  may  likewise  be  regarded  ; 
combinations  of  hydrated  bisulpbate  of  potash  with  phosphate  or  nitrato  ' 
of  potash  : 

2(KO,SO^ -I- 3H0,  PC  =  KO,  HO,2SO»  +  KO,2nO,  PO; 
and:   2(KO,S(y)  +  HO, NO  =  KO,H0.2SO^  +  KO.NC 

0.  DoiTBLB  Sulphide  of  Carbon  and  Potassium. — In  the  state  of  I 
solution  it  niay  also  be  considered  as  hyiirosulphurctted  carbotiaU  ^ 
potatJi. — 1,  Formed  by  dissolving  sulphide  of  carbon  in  a  solution  of  prot<>- 
sulphide  of  potassium,  or  of  potash ;  in  the  latter  case,  slowly,  and  with  pro- 
duction of  carbonate  of  potash  at  the  sjime  time. — To  a  solution  of  proto- 
cnlphide  of  potassium  in  a  small  quantity  of  alcohol,  sulphide  of  carbon  is 
added  as  long  as  it  dissolves,  the  lower  syrupy  stratum  which  separates  on 
standing,  is  separated  from  the  two  upper  ones  (the  middle  stratum  being 
the  excess  of  sulphiiio  of  carbon — and  the  upper  one,  alcohol  holding  in 
solution  higher  sulphides  of  potassium  and  sulphide  of  carbon),  and  eva- 
porated at  30'  (86°  F.). —  2.  An  aqueous  solution  of  protosulphidc  of 
potassium  is  digested  to  saturation  with  excess  of  sulphide  of  carbon,  at 
30"  (86^  F.),  in  a  closed  vessel  quite  filled  with  the  mixture,  and  then 
evaporatcil  at  the  same  tcmjMjrature. — In  both  oases,  a  yellow,  highly  deli* 

quesceut  salt  cryslalliies  from  the  concentrated  solution,  havi' '•ng-, 

jioppery,  and  afterwards  hepatic  taste ;  it  loses  its  water  of  d  on 

at  a  temperature  between  60°  and  80"  (140°  and  176°  ^ 

into  anhydrous  double  sulphide  of  carbon  and  potlttfl^Bb  '"^ 
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uedJisL  brown,  ancl  when  heated  apart  from  the  nir,  changM  withont  any 
ktion  cif  liquid  titutter,  to  u  bluckish-'browu  mislure  of  tersiUpUide  of 
ium  and  cuarcoal. 

K8.  C3»  =  K»  +  C. 

It  readily  diisolrca  in  water,  but  is  very  sparingly  soluble  in  alcohol, 
forming  a  brown  solution.  (Berzelius,  Pog;f.  6,  450.) 

P.  SrLPHOPHosPHiDE  OP  PoTASSiUM. — Dry  spontaneously  inflam- 
mable phosjihurettod  hydrogen  gas  is  passed  for  7  hours  over  gently  heated 
S^ulphidc  of  potassium  (p.  33).  Hydrosulphuric  acid  gas  is  evolved, 
and  a  white  uui&s  ublaiued,  having  a  hepatic  taste. 

4K.  US  +  PH'  =  IKS',  P8»  +  3HS. 


4K 

116. 
P 


Calcolation.  H.  Rose. 

156-8     48-05  42-32 

176-0    48-3S  45-02 

31-4     8-62 


4K!5».PS«   364-2 


100-00 


In  the  determination  of  the  talphur  by  oxidation  with  nitric  acid, 

sustuiued  a  loitti,  owing  to  the  cincapo  of  culphurettod  hydrogen. 
The  mass  deliquesces  in  the  air  and  di^olvcs  completely  in  water, 
giving  oat  the  odour  of  hydrosulphuric  acid  ;  if  hut  water  is  used,  the  gas 
'WOBpee  in  bubbles,  an<l  ]>ho!:phurio  acid  is  produced  at  the  same  time. 
Tbs  Mlotion  mixed  with  hydroehloric  acid,  evolves  hydrosulphuric  acid 
'  gut  »nd  deposits  sulphur.  After  this,  it  probably  contains  ono  atom  of 
triphosphate  of  potash,  ono  atom  of  tersulphiJo  of  potassium,  and  8 
•tome  of  hydrosulphuric  acid. 

4KS=  +  PSJ  +  8HO  =  3K0,  PO  +  KS'  +  8HS.      (H.  Rose.) 

h.  When  eulphide  of  hydrogen  and  potassium  is  treated  in  tho  same 
manner  with  phosphurettcJ  hydrogen  gas,  it  is  converted,  with  evolution 
of  nulphurettod  hydrogen,  (which  escapes  with  great  frothing)  into  a 
•emi-lluid  maw,  which,  on  cooling,  acquires  a  very  faint  yellowish  red 
tio^,  contains  more  potassium  and  phosphorus  than  tho  preceding,  and 
aworbs  moisture  from  tho  air  with  avidity.  (H.  Rose,  Pog<j.  24,  313.) 


PoTAssnrM  Jisvt  Selenium. 


A.  Sexksikb  of  PoTA88ir»!. — 1.  Formed  by  direct  combination 
■elenium  with  potassium.  The  combination  is  attended  with  influnimation, 
by  which  a  portion  of  the  selenide  becomes  sublinieJ ;  and  when  there  is 
an  exce*«  ol  fiolassium  present,  with  a  kind  of  explosion. — 2.  By  igniting 
«elenite  or  scleuiato  of  i)otash,  with  hy<lrogen  ga.s  or  charcoal. — 3.  By 
fttfing  selenium  with  hydnite  of  potash,  uy  which  a  mixture  is  formed  of 
S  ttotaa  of  Mlenide  of  potassium  and  1  atom  of  selouite  of  potash. 

3K0  +  ISe  +  xSe  =  2KSe«  +  KCSeCV; 

pouTit  of  selenium  with  which  tho  potassium  combines,  is  not  here 

I  into). — 4.  By  heating  selenium  with  carbouato  of  potash,  whereby 

9nic  acid   is  expelled,  and  the  same  eH'ects  produced  as  iu  tho 

Thu  scleuido  of  potassium  obtained  by  tho  first  method,  is 
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a  fused  steel-groj  mass,  having  a  crystallino  fracture,  and  a  taste  and 
niiell  like  liver  of  sulphur.     That  prepared   by  the   second  method  14 
(lark  brown  on  the  surface,  but  cinnabar-red  within.     That  prepared  bj 
the  third  method   is  black   iu  the  mass,  but  brown   when    pulverised  J 
epougy,  infusible  at  a.  red-heat,  and  richer  in  selenium  than  the  preceding.! 
The  selonido  of  potassium  which   contains  selenium  in  excess,  swells  up] 
when  hydrochloric  acid  is  poured  over  it,  evolves  seleniuretted  hydrogCTiJ 
and  dc]>osits  red  flakes  of  selenium. 

Selenide  of  potassium  becomes  moist  in  the  air.     When  it  containsj 
excess  of  potassium,  it  dissolves  in  wat*r  with  evolution  of  hydrogen 
and  produces  a  pale  red  solution  (probably  colourless,  however,  when  thfl 
presence  of  oxygen  is  eutirely,prevented),  in  which  hydrated  protoselenidd 
of  potassium  or  kydrosdeniate  of  pota-t)i,  must  be  supposed  to  exist. — Tha 
soleuide  richer  in  selenium,  obtained  by  the  first  and  third  methods,  yields,! 
with  water,   a  dark   reddish  brown  solution,  from  which  acids  liberatel 
seleniurettcd    hydrogen   and  precipitate  selenium.      In    the  solution,   al 
hydrated  perselonide  of  potassium,  or  hydroseltniie  of  potath  must  be  sup- 
pubcd  to  exist.     A  similar  solution,  though  likewise  containing  selenite  of 
potash,  is  formed  by  boiling  selenium  for  a  long  time  in  solution  of  potash. 
The  selenide  of  potassium  still  ridier  in  selenium,  obtained  by  the  fourth.1 
method,  forms  with  a  small  quantity  of  water,  a  dark  brown  solution,  from/ 
which,  on  the  addition  of  more  water,  the  greater  part  of  the  selenium  ial 
thrown  down,  (unless  undeconiposed  carbonate  of  potash  is  present,  wbichj 
prevents  the  precipitation),  and  the  same  reddish  brown  liquid   remains] 
as  in  the  former  case.     All  the  solutions  of  selenide  of  potassium  have  i 
hepatic  taste,  and  when  exposed  to  the  air,  deposit  selenium  in  the  form  of 
a  red  powder. 

KSe»  +  O  =  KO  +  Se»:    or,     KO.HSC  +  O  =  KO  +  Se»  +  HO.  (BeRelhu.)| 

B.  Selenite  of  Potash. — o.  MonoseleniU. — Obtained  by  saturating] 
carbonate  of  potash  with  selenious  acid.  On  evaporating  the  solution,  but] 
not  by  cooling,  it  separates  in  crystalline  gmius.  Fuses,  when  heated,  tof 
a  yellow  nia.ss,  which  again  becomes  white  on  cooling.  Attracts  nuiisturel 
from  the  air;  soluble  in  nearly  all  proportions  in  water,  but  not  in  alcohol.  | 
Has  a  disagreeable  taste,  and  strung  alkaline  action  on  test  paper. 

b.  Bitelenite. — Crystallires  with  diflicnlty  on  cooling,  from  a  solution 
evaporated  to  the  consistence  of  syrup,  or  from  a  slightly  acid  solution 
by  evaporation  over  oil  of  vitriol,  in  feathery  (satiny-looking;  Muspratt) 
crystiils,  which  unite  at  last  to  a  compact  mass. — Slowly  ])arts  with  iho  1 
half  of  its   acid   when   ignited. — Deli<}uesoent,    but   slightly   soluble   in  J 
alchol.    Analogous  to  bisulphite  of  potash. 

«,  QuadroseUnite. — Not  crystallizable,  highly  deliquescent.  (Berce-I 
lius.) 

Selenite.  Ma<pratt,  Bi-ulenite.         Maspntt. 

KO 47-2  ....  45-r4  ....  ■J502  KO 47-2  ....  2'J-6.i  ....  2H05 

SeO»  ri6  54'26  iSpO- 1120  ....   7035  ... 


KO.SeO'  103-2  ...lOOOO 


KO  ... 
4&>0) 


KO,2SeO»  159-2  ...10000 

Quadrotelenite. 
..„    47-2    ....     17-41 
224-0    ....     82-59 


KO,4SeO>  ....  271-2     ....  lOOOO 
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C.  Selkkiatb  ov  Potash. — a.  Monoielfniate.—^.  When  seleniona 
acid  is  fuEod  with  nitre,  and  tbe  moss  dissolved  in  water  and  evaporated, 
crystallizes  out  first,  and  then  seleniato  of  potash. — 2.  A  mixture  of 
live  seienide  of  load  with  .in  equal  quantity  of  nitre,  is  thrown  into  a 
1-hot  crucilile,  dissolved  in  hot  water,  filtered,  and  left  to  crystollixe. 
thtn  vlt  which  crystallizes  out  after  the  nitre,  is  adulterated  with  more  or 
luB  of  sulphate  of  potash.  The  seleniate  of  potash  has  the  ejcact  form 
and  optical  proi>ertiea  of  the  sulphate  of  potash.  {Fig.  76  and  77),  n  :  n 
=:  112°  48^';  y  :  y,  below  =  120°  25'. — It  detonates  on  burning  chai^ 
coal  like  nitre,  and  dissolves  almost  as  readily  in  cold  as  in  hot  water. 
Mit*cherlich,  I'ogg.  9,  023.) 

Crystallized.  tlitscherlich. 

KO 47-2    4245     42-16 

SeO"   64-0     5755     5784 

KO.SeO*  111-2    10000     lOOOO 


Potassium  and  Iodine. 

A.  loDTDE  OP  PoTASSTUH. — Potassium  unites  both  with  solid  iodine 
(ander  slight  pressure  even  in  the  cold)  and  also  with  its  vapor,  evolving 
neat,  and  burning  with  a  violet  fiame.  Iodine  and  potas.'^ium  heated 
together  in  very  small  quantities  unite,  the  combination  often  being 
attended  with  a  powerful  explosion,  and  breaking  the  glass-tube. 
(Seinontini,  Schxo,  41,  164,  Gmelin.) — Vapour  of  iodine  separates  oxygon 
(ram  potash  at  a  red  heat,  producing  iodide  of  potassium. 

Preparation. — 1.  Antimonide  of  potassium  free  from  arsenic,  prepared 
by  fusing  crystallized  tartar-emetic  previously  roasted,  is  thrown  in 
pcrwder  into  a  solution  of  one  partof  iodine  dissolved  in  12  parts  of  alcohol, 
till  tbe  colour  disappears  ;  the  liquid  is  then  filtered  and  evaporated  till 
ery<"tallizution  commences.  The  antimony  remaining  on  the  filter  in 
p««ilcr,  m.iy  be  again  converted  into  antimonide  of  potassium  by  fusing 
with  crcnm  of  tartar,  and  so  made  use  of  many  times.  (Serollaa,  Ann, 
Vhim.  ri>ys.  20,  163.) 

2.  Pure  potash  or  the  carl>onatc,  is  saturated  with  hydriodic  acid  in 
•olution  (prepared  according  to  method  2,  II.,  262),  and  ev.aporated.  (Lc 
Royer  &  Dumas,  (Jilb.  68,  241.) — Strating  (Repert.  15,  288)  dissolves 
iti  Mirts  of  iodine  in  IGO  parts  of  alcohol;  passes  sulphuretted  hydrogen 

.;1)  the  solution  till  the  colour  disappears;  then  filters;  distils  off  the 
>...  ^;cr  part  of  the  alcohol;  dilutes  the  remainder  with  132  parts  of  water, 
distils  tbe  rest  of  the  alcohol  away;  saturates  the  solution  of  hydriodio 
acid  with  1 1  parti)  of  carbonate  of  potash;  and  evaporates  till  crystallita. 
lion  commences. 

3.  A  .solution  of  iodide  of  zinc,  or  hydriodate  of  oxide  of  zinc,  is  pro- 
|iarc>d   by  mixing  zinc,  iodine,  and  water, — precipitated  by  the  exact 

nt  of  carbonate  of  potash  required, — filtered,  and  evaporated.  (Le 

;  Ac  Dunia.s.) — Girault  gradually  pours  the  cold  filtered  solution  of 

■  of  zinc  info  a  boiling  solution  of  carbonate  of  potash  till  it  uo 

r  rtiust's  oirervcscence — adiis  cold  water  to  the  mixture — filters  and 

I  lie  residue  twice  with  cold  water,  (which  retains  only  a  trace 

m  the  form  of  oxyiodide  of  zinc,  separable  by  a  re«l  heal) — 

|rr«ci|>itAle8  the  sine  still  remaining  in  solution,  by  the  cautious  additiou 
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of  more  carbonnto  of  potash — tlion  filters  and  ov»ponit«.     AceordJng^| 
to  E.  Hermann  and  Fr.  VVeodt,  also,  the  precipitated  rarbonato  of  aiiwi 
obotinfttcly  retains  a  portion  of  iodine,  (/{fprrt.  44,  117,  and  122.) 

4.  A  solution  of  protiodide  of  iron  or  hydriodate  of  protoxide  of  iron] 
is  prepared  from  2  parts  of  indinp,  1  part  of  iron-61ing'?,  and  10  parts  of 
water,  and  tillered  as  soon  as  it  becomes  colourless;  tbe  protoxide  of  iron 
is  precipitated  by  caustic  potash  or  carbonate  of  potash,  adiled  in  eqai-  i 
Talent  proportion,  at  a,  boiling  heat,  and  the  liquid  filtered  and  erap*- 
rated.  (Baup.  /.  Pharm.  8,    37,  and   122;  also  N.  Tr.   8,  2,  176:  also 
Rrjiert.  13,  237;  14,  409;  Caillot,  J.  Pharm.  8,  473.)     Schindler  (J/djf. 
Pharm.  23,  100)  gradually  adds  4  parts  of  iodine  to  1  part  of  iron  filings  I 
diffused  through  20  parts  of  water,  to  prevent  any  iodine  from  vola-| 
tilizing  by  the  heat  producwl, — decomposes  the  solution  with  potash  as 
soon  as  it  becomes  colourless  (liefore  any  basic  hydriodate  of  peroxide 
of  iron   is   precipitated,   which    can  be  decomposed  only  by  excess  of  j 
potash),  nnd  washes  the  precipitate  of  hydrated  protoxide  of  iron  iu  ai 
bottle  broken  oft'  at  tho  bottom,  and  tied  round  with  paper  and  linen, 
continuing  the  washing  nn interruptedly.     The  solution  of  iodide  of  iron  | 
may  likewise  be  prepared  in  a  cast-iron  vessel.     It  may  also  be  precipi- 
tated with  a  slight  excess  of  potash,  and  exposed  to  the  air,  till  tho  | 
hydratetl  jirotoxidc  changes  into  tho  hydrated  peroxide,  which  can  be  I 
more  readily  wsshed   (bnt  probably  retains  iodine].     (N.  E.  Henry,  J, 
Pharvi.  13,400.)    Perhaps  the  best  method  would  be  to  precipitate  the 
iodide  of  iron  by  caustic  potash  at  a  boiling  heat.) 

5.  An  intimate  mixture  of  2  parts  of  powdered  antimony  and  5  purtu 
of  iodine  is  heated  very  gently  in  a  glass  flask,  whereofton  a  sndden  union 
takes  place.  Tho  flask  is  broken  after  cooling,  and  the  iodide  of  antimony  I 
thrown  in  powder  into  hot  water,  which  extracts  \  of  the  iodine  in  the 
form  of  pure  hydriodic  acid.  The  liquid  is  then  decanted;  the  rcmnining 
oxyiodiile  of  antimony  digested  with  excess  of  carbonate  of  potash,  which 
withdraws  all  tho  iodine;  the  solution  filt«red;  and  the  alkaline  filtrate 

'neutralised  with  tho  hydriodic  acid  previously  obtained.  (Sernllas,   J. 
PhaKin.  14,  19,  and  2.5.) 

6.  A  mixture  of  2  parts  of  iodine,  1  part  of  hydrate  of  potash,  and  6 
part.s  of  water  is  evaporated  to  dryneiw,  and  the  mass  heated  in  a  retort  as 
Jong  as  oxygon  gas  is  given  ofl".  The  iodine  is  then  dissolved  in  water;  the 
potash  still  remaining  free,  saturated  with  an  aqneons  solution  of  hydri- 
odic acid;  and  the  solution  evaponited  to  a  small  bulk.  (Lo  Royer  Sc 
Dumas.)  By  dissolving  iodine  in  solution  of  potash,  iodide  of  ]>otassium 
and  iodate  of  potash  arc  forrae<l ;  at  a  red  heat,  the  latter  evolves  oxvgen 
gu,  and  is  converted  into  iodide  of  j>oUMsium.  The  potash  mn.st  Se  as 
free  as  possible  from  carbonate ;  for  this  salt  pa«ses  into  the  state  of  bicar- 
iKmate  of  potash,  which  does  not  combine  with  the  iodine,  and  remains 
as  simple  carbonate  in  the  mass  after  it  has  been  heated  to  redness.  Since 
carbonic  acid  is  reabsorbed  during  the  evaporation  of  tho  caustic  liqnid  in 
the  prcpiinition  of  hydriilo  of  potash,  good  caustic  solotion  is  preferable  to 
the  solid  hydrate.  Into  this  solution.eithcrcoldor  gently  warmed,  iodine  is 
introduccfftill  the  liquid  begins  to  acquire  a  brown  tint;  a  larger  quantity  of 
iodine  would  be  again  driven  ofl"  by  subsequent  heating.  (Schindler,  Maff. 
Pharm.  23,  100  ;  25,  6.5;  Reimann,  Maff.  Pharm.  23,  89.)  Tbe  heat  ia 
applied  in  glass  retorts  or  flasks,  or  in  covered  porcelain  or  ca«t  iron  ves- 
sels, which  are  at  most  but  half  filled.  Loss  may  be  sustained  through 
tlie  splashing  of  the  maasj  and  that  which  has  fallen  on  the  colder  sides  of 
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Uie  veuat  mnY  contain  iodate  of  potash  uudeoomposml.  The  heat  should 
1ms  K'^Dtle  liiil  'tinned;  if,  however,  it  be  too  low,  iodato  of  [)OU»«h 

rcniaiiik  unu'  A;  and  if  too  powerful,  iodide  of  potassium  vulati- 

lUw,  P'ppciaJly  wlieii  the  operation  is  con<lucted  in  open  vessels.  Part 
of  ihu  iodine  may  also  be  expelled  by  heat  from  the  iodate  of  pota»h. 
Hcnro  the  metliod  discovered  and  recommended  by  Orfila,  and  approved 
of  hj  Gimult  (J.  Pharm.  27,  393),  namely,  to  heat  the  dried  miuss,  after 
mixing  it  with  charcoal-powder,  appears  to  bo  the  most  advantngoous. 
Bjr  this  means  carbonic  avid  only  is  set  free  without  any  iodine,  and  the 
doMmposition  of  the  iodate  of  potash  takes  place  at  a  much  lower  tuiu- 
penture  and  more  rapidly.  The  heated  mass  is  exhausted  by  water  or 
alcohol  ^which  leaves  behind  the  greater  part  of  the  carlxmate  of  potash 
■Mkrly  always  pre-wnt),  and  then  purified  by  urystalliEatioD. 

7.  Iodine  is  dissolved  in  a  warm  solution  of  potash  till  a  brownish 
colour  is  produced,  and  reddened  litmus  ]iaper  is  no  longer  turned  blue  by 
it.  Water  is  thon  added,  and  .sulphuretted  hydrogrn  passed  through  till  the 
trkolc  of  the  iodate  is  converted  into  iodide,  and  the  liquid  smells  perma- 
ncatly  of  sulphuretted  hydrogen.     It  is  then  filtered  and  boiled  to  expel 

gma ;  jHitash  added  if  the  solution  contains  free  hydriodic  acid. — or 

itioD  of  hydriodic  acid  if  the  potash  is  in  excess, — and  the  liquid  then 
jd.  (Tumor,  Ediuh.  Med.  J.Nr.  84,  20.)  The  sulphur  procipi- 
this  process  cont^iins  iodine;  the  iodide  obtained  is  yellow  even 
aAcr  fusion,  and  appears  to  contain  sulphide  aa  well  a.s  iodide  of  potassium. 
(Schindler.) 

ft.  An  nlcuholio  iiolution  of  iodine  (or  iodine  diffused  in  water)  !a 
4i(;eHted  with  an  a^{ueou8  or  alcoholio  solution  of  sulphide  of  potassium, 
till  the  former  is  rendered  colourless:  the  liquid  is  tbeu  filtered  and  era- 
poratvd.  (Taddei,  J.  J'/iarm.  10,  170.) 


KS»  +  I  =  Kl  +  S»;    or.     KO.  HS»  +  I  = 
Ta<U«>i  dissolves  the  iodine  in  alcohol  of  20'' — 25" 


KO.Hl  +  S". 

Bm.,  and  adds  thereto 


Ml  aqueous  solution  of  protosulphido  of  potassium.  But  the  iodide  of 
pot»#«ium  thus  obtainocl  has  a  brown  colour,  arising  from  the  use  of 
aU-ohdl.  It  is  better,  therefore,  to  dilTuse  1  part  of  iodine  in  C  parts  of 
wairr,  and  add  an  aqneous  solution  of  protosniphide  of  potassium,  stirring 
eoujtuntiv  till  the  liquid  becomes  clear  and  colourless.  If  too  much 
MilphiJi?  is  used,  the  liquid  becomes  cloudy,  and  a  little  iodine  must  then 

~  "ided.  (Fran.  J.  J'harm.  U,  403.)  buflos  {Berl.  JuJirb.  28,  2,  211) 
mJs  in  a  similar  manner,  by  heating  4  parts  of  sulphate  of  potash  in 
an  earthen  crucible,  till  gentle  fusion  takes  place;  dissolving  the  aul[ihide 
o(potsa«iam  thus  obtained  in  3  times  its  weight  of  water,  access  of  air 
b*in^  prvventt'd;  ad<liog  iodine  to  the  solution,  till  a  filtered  s])ecinien 
appettra  colourless;  filtering,  and  leaving  the  solution  to  crystallize;  evapo- 
rating the  mother-liquor,  and  igniting  the  residue;  and  afterwards  digest- 
ing it  ill  water  to  obtain  more  crystals.  Even  when  the  use  of  alcohol  ia 
avoided,  sulphur  is  still  found  mixed  with  the  iodide  of  potassium;  the 
tB!U9  turns  grey  when  heated,  an<l  evolves  sulphuretted  hydrogen — a  black 
Mix'tancc  remaining  mixed  with  it,  which  seems  to  bo  carbon  containing 
■Dlflinr.  The  suli)hide  of  potassium,  also,  obtaine<i  by  heating  sulphate  of 
potash  with  rh:ircoal,  may  contain  caustic  potash  and  carbonate  of 
polaah,  and  thereby  give  rise  to  the  aJinixluro  of  iodate  and  carbonate  of 
M^taah.  (Schindler.)     Brandos  and  Schroder  (Sr.  Arc/t,  10,   103)  make 

■pe  of  an  alcoholic  solution  of  ordinary  liver  of  sulphur. 

^m  9.  Sulphide  of  barium  in  solution  in  couTcrtod  iuto  iodide  of  bariuiB 
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by  means  of  iodine,  and  the  filtrate  precipitated  by  a  suitable  salt  tm 
potaaii.  Liebig  (N.  Tr.  18,  2,  259)  heats  to  redness  6  parts  of  heavy  spaa 
with  one  part  of  lamp-black,  dissolves  tlic  sulphide  of  barium  in  waterj 
adds  iodine  as  long  ns  it  is  dissolved,  lilters  from  the  sulphur,  ]iroripitiite4l 
the  colourless  fluid  with  carbonate  of  pota.sh,  filters  aipiin,  and  evaporatesj 
Witt«tock  {Pogg.  53,  -128)  uses  sulphate  of  potash.  The  sulphiile  ofl 
barium  must  bo  treate<l  with  water  in  sufficient  quantity  to  dissolve  thnj 
whole  immediately,  or  else  a  portion  of  baryta  will  remain  undissolved;  and 
the  liquid,  which  contains  bisulphide  of  barium,  yields  with  iodine  more 
hydriodic  acid  than  is  necessary  for  satui-ating  the  baryta,  so  that  an  ncij ' 
liquid  is  formed.  (H.  Rose.)  This  is  prejudicial  wlien  6ul|)liate.  but  do^ 
when  carbonate  of  potash  is  made  use  of  in  precipitating  the  solution. 

The  carbonate  of  potash  present  in  most  of  the  specimens  of  iodide  o^ 
potassium  prepared  by  these  methods  may  be  removed  either  by  neutr 
lizing  with  solution  of  hydriodic  acid,  or  by  dissolving  the  iodide 
alcohol. 

The  second,  fourth,  and  sixth  methods  (if  in  the  hi.st,  the  residae  i 
heated  to  redness  with  charcoal)  are  the  best. 

Impurities  in  Iodide  of  Fotassium. — Carbonate  of  potath  causes  it  t._ 
have  an  alkaline  reaction,  and  a  greater  tendency  to  deliquesce,  and  give*] 
rise  to  effervescence  on  the  addition  of  acids;  left  undissolved  on  treating 
the  iodide  with  strong  alcohol. — lodaic  of  potash.:  the  solution  turns  brown 
on  the  addition  of  hydrochloric  or  tartaric  acid,  from  separation  of  iodiooj 
or  fonoation  of  hydriodite  of  ])otash. — Chloriile  of  jxttassium  or  sodium:\ 
From  the  precipitate  which  the  solution  gives  with  nitrate  of  silver,  thn 
chloride  of  silver  is  dissolved  by  excess  of  ammonia,  and  again  throwul 
down  from  the  filtrate  by  pure  nitric  acid.  [  Vid.  Robiquet's  more  detaile  ' 
method:  ./.  I'hartii.  8,  140.]     Sulphate  of  potaJi ;  Precipitated  by  salts  o£ 
baryta  :  left  undissolved  by  alcohol.     Orr/aiiic  viatter  containing  sulphur :\ 
probably  xanthonate  of  jiotiu'ili ;  becomes  mixed  with  the  iodide  of  potas. 
Slum  when  alcohol,  together  with  sulphuretted  hydrogen  or  a  metallic  sal-' 
phide  is  used  in  the  ]>repamtiou     Iodide  of  potassium  of  this  kind  has  aj 
nauseous  taste,  like  that  of  asafo'tida,  turns  greyish  brown  on  being  heated|{ 
and  evolves  sulphurous  aciil ;  the  residue  treated  with  water,  leaves  cbar-1 
coal  containing  sulphur,  and  sulphate  of  potash  is  found  in  the  solution,! 
together  with  the  iodide.  (Schindler.)     Sulphide  of  polassium:   Evolrea] 
hvdrosulphuric  acid  on  the  addition  of  sulphuric  acid.  (Marchand,  v^nn.] 
PiMrm.  CC,  237.) 

Iodide  of  potassium  should  dissolve  entirely  at  ordinary  temperatures,  I 
in  f  of  its  weight  of  water,  or  6  parts  of  alcohol  of  specific  gravity  0'85. 
(Baup.)     One  atom  (16.i'2  parts)  of  iodide  of  potassium  completely  pre- 
cipitates one  atom  (13G'8  parts)  of  chloride  of  mercury  from  an  aqueous 
solution 

Kl  +  HgCl  =  KCI  +  Hgl  J 

but  the  insoluble  iodide  of  mercury  again  dissolves  completely  in  one  atoiiil 
of  iodide  of  potassium, 

2KI  +  HgCl  =  KCI  +  KI.Hgl. 

2  atoms  (330'4  parts)  of  the  iodide  of  potassium  to  be  tested,  and  one 
atom  of  corrosive  sublimate  must  therefore  be  dissolved  in  two  equal 
quantities  of  water.  To  one  measure  of  the  solution  of  iodide  of  potai<sinm, 
tue  solution  of  corrosive  sublimate  is  then  to  lie  added,  till  a  permanent 
precipitate  begins  to  appear;  if  one  measure  of  the  latter  solution  is 
required  for  this  purpose,  the  iodide  of  potassium  is  quite  pure;  but  if  a 
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jicnnmcnt  precipitate  remains  when  only  half  a  measare  of  the  corrosive 

Hiblimutc  lias  licon  addod,  tlie  ioiliilo  of  potassium  is  adulterated  one-lialf 

villi  foreign  substiinccs,  &c.  &c,  (Jluroseau,  J.  Pliurm.  IS,  302.)     Iodide 

of  jxitassiuni  separiiles  from  an  a(iueous  solution  in  white  crystals,  sonie- 

tiiDM  Iransparont,  sometimes  semi-opaque,  aud  having  the  form  of  cubes, 

tlonpilcd  cuWs,  pyramids,  or  octohedrons.     Kane  (^Phil.  Maff.  J.  IC,  222) 

tblaioed  crystals  which  appeared  to  belong  to  the  6i|uare  prismatic  sys- 

Sem.    {Fig.  23  and  32);  r  :  lateral  cd;?o  =  loO'' ;  e  :  p  =  liO' ;  e  :  e'  = 

103*;  t  over  the  vertex  :  e  behind  =  60';  it  is  therefore  probably  dimor- 

"^plioas;  the  crystals,  however,  oxhibiteil  simple  refraction.     Specific  gra- 

lTity=  2ii084  (Karst«u),  =  3'0.91  (Boullay).     After  fusion  it  is  reduced 

*)  a  crystalline  mass,  having  a  pearly  lustre.  (Gay-Lussac,  Gilb.  4.0,  26.) 

It  mclt»  below  a  red  heat;  and  when  expo.sed  to  the  air  volatilizes  unde- 

ieomjioi^d  at  a  moderate  red  heat;  if  the  experiment  is  made  in   a  glass 

Itubo,  the  Tulalilizution  docs  not  take  place  till  the  glass  begins  to  soften, 

MSchindler.j      It   has  a  shaqi  tajste,  aud  turns  reddened  litmus  paper 

|liigl>tly  blue. 

According  to  Gky-Lussoc. 

K 39-2    23-73 

1  126-0 76-27 


KI 


165-2     100-00 


jClilorine,  with  the  aid  of  heat,  converts  iodide  of  potassium  into  chlo- 

tido  of  potasi-ium  and  iodine.  (Gay-Lussac.)     From  a  solution  in  2  parts 

[•f  water,  chlorine  gas  throws  down  iodine  at  first ;  but  this  di.sappears 

tjain  when  more  clilorino  is  added,  a  comjiound  of  lerchloride  of  iodino 

:  ide  of  pot.assium  being  formed,  wliich  colours  the  liquid  yellow, 

.  1  -  an  abundant  crop  of  crystals.  (Filhol.) 

KI  +  4C1  =  KCl.  ICH, 

Iodide  of  potassium  on  being  evaporated  with  nitric  acid,  is  wholly 

IwnTcrtod  into  nitrate  of  potash.   (Serulbs.)     When   it  is   heated  with 

utnif*  of  ammonia,  iodine  is  abundantly  evolved  with  production  of  a 

»n  colour.  ( Emmet.)     Fused  with  chlomte  of  potash,  it  is  converted 

tiudatc  of  potash ;  heated  with  nitrate  of  ]>ota.sh  or  nitrate  of  baryta, 

^wlds  a  small  (|u.antiiy  of  iodate  of  potoish  or  baryta,  together  with 

F^noxiJt!  of  b:irium  in  somewhat  larger  quantity.  (0.  Henry,  J.  I'/iarm. 

If),  345.)     lu   the  vapour  of  anhydrous  sulphuric  acid,  It  turns  reddish 

BTD,  and  produces  sulphate  of  potash,  sulphurous  acid,  and  iodine.  (H. 

t,Pcj</.3S,  121.) 

KI  +  2S0«  =  KG,  S0>  +  S0»  +  I. 

DiNlilled  with  dilute  sulphuric  acid,  it  yields  first  hydriodic  acid — then, 

riifil,,.r  concentration,  iodine,  which  dissolves  in  the  hydriodic  acid — • 

iirous  acid,  which  passes  over  with  the  water  and  iodine,  and  ia 

'<i  into  sul[ihuric  acid.     Heated  with  peroxide  of  manganese  and 

of  vitriol,  it  yields  iodine  only,  no  sulphurous  acid.     A  mixture  of 

\  pArta  of  ioilido  of  potassium,  common  salt,  nitre,  and  oil  of  vitriol, 

I  chloritlo  of  iodine  as  the  principal  product.  (Soubeiran.)     Steam 

over  iodide  of  polassjuni  heated  to  redness,  causes  the  evolution  of 

'  quantity  of  hydriodic  aciil  gas ;  the  residue  is  alkaline.  (Schindler, 

'I'kartn.  31,  33.)     A  mixture  of  iodide  of  potassium  and  sal-ammo- 

Jd*<,  when  liented,  sal-ammoniac,  free  iodine,  and  iodide  of  ammo- 

|il  .ind  chloride  of  potassium  renuiin  behintl.     Tho  mix- 

lud  in  dry  air,  but  iu  moist  air  slowly  absorbs  water 


50 


POTASSIUM. 


and  bfyximes  broxm  throngh  tlie  Jocomposilion  of  tho  bydrioJato  of  kame^ 
nia  which  forms.  [A.  Vogol. ./.  pr.  Chfm.  22,  144.)  Jfl 

ludi  Ji-  of  iiiita^^iam  deliijui'jjcon  only  in  very  moist  air;  but  mom  rpuiliM 
if  mixed  with  carbonate  of  potash  or  other  deliquescent  salts,    i  9 

in  water  with  production  of  cold,  which  may  amount  to  24'  ',■■  .  •  •■ 
One  part  dissolvoa  at  12'5'  in  073.i  parts,  and  at  16°  in  0'709  paita  fl 
wat«r  ^Bnnp) ;  nt  IN^  in  0'7  pnrU^,  and  at  120°  in  about  0-45  pujta  fl 
wator.  (Oay-Lassac.l  A  wittiriit<;d  solution  boils  at  120°.  (Daup.)  ■ 
diwolvcs,  at  12'.5",  in  ^r^  parts  of  alcohol  of  H})ccific  gravity  0'8.'>,  anil^^ 
IS'S"  in  between  3(1  and  4(1  parts  of  absolute  alcohol ;  hot  alcohol  diaaolWB 
a  mnch  Ijrjrer  qiiuntity,  and  deposit*  it  in  nec<lle.*  as  it  coola.  (Baiip.1  TlH 
coloiirlcsi  aqueous  sulation,  which  may  be  considered  a*  a  solution  fl 
hydriodatt  or'  polath,  yielils  crystals  of  io<lido  of  potassium  when  ^^^^ 
porated.  A  dilute  volution  i»  coloured  yellow  by  a  small  quantity  ^| 
chlorine,  but  ia  reiidereil  colourless  by  more;  if,  however,  bromide  of  puUH 
eium  is  present,  tho  yellow  colour  arising  from  the  bromine  remains.  (SisM^| 
Jiefifrt.  65,  200.)  It  colours  paper  bleached  by  chlorine,  brown.  (B^^H 
Tho  brownish  yellow  colour  proiluccd  by  chlorine  is  visible  in  a  sd^^^f 
diluted  to  the  extent  of  one  part  of  iodide  of  potassium  in  3000  parts  H 
water;  the  same  reaction  is  produced  by  sulphuric  and  nitric  acid  infl 
solution  of  one  jiart  in  6000  parts  of  water;  the  red  precipitate  with  |H 
chloride  of  ])latinum,  with  one  ]Kvrt  in  12000  parts  of  water;  and  the  gre^fl 
ish  yellow  precipitate*  with  nitrate  of  mercurous  oxide,  with  one  pd^| 
in  60,000  parte  of  water.  (Dublanc,  J.  Chim.  Med.  2,  J  20.)  ■ 

B.  BisioDiDE  OP  PoTAssirM  or  Htdriodite  op  PoT.vsn. — A  ■■ 
Inlion  of  iOO  parts  of  iodine  iu  400  parts  of  water  rapidly  dissolvfl 
70'.0  parts  or  an  additional  atom  of  iodine:  in  a  more  dilute  solution,  t^| 
same  quantity  of  iodine  is  more  elowlj'  disMolved  (Baup).  The  liquid  S 
dark  reddish  brown  and  neutral,  and  loses  the  excess  of  iodine  by  boiliifl 
or  exposure  to  tho  air.  (Gay-Lu.«sac.)  According  to  Girault  (J.  I'har^^ 
27,  3!iO),  it  is  necessary  to  evaporate  to  dryness  and  naise  the  temperatufl 
almost  to  the  melting  point  to  get  rid  of  all  the  excess  of  iodine.  A  solfl 
tion  of  IOO  parts  of  iodide  of  potassium  in  200  parts  of  water  dissolv^| 
153  parts  (2  atoms)  of  iodine,  forming  a  blackish  brown  luelallic-lookilfl 
liquid,  which  exhibits  a  very  dark  red  colour  by  transmitted  light,  aifl 
throws  down  half  of  the  dissolved  iodine  on  the  addition  of  water.  (Bannfl 

C.  loDiTE  OF  PoTAsn? — a.  If  equal  atoms  of  iodine  and  ordina^| 
hydrate  of  potash  (containing  carbonic  acid)  are  dissolved  in  water — tH 
dark-brown  solution  evaporated  to  dryness,  without  sufficient  heat  H 
driyo  off  oxygen, — and  the  mass  dissolved  in  water,  evaporated,  and  lefl 
elowly  to  cool. — a  nnniber  of  very  large  crystals  are  obtained,  diiToriifl 
from  tho?e  of  iodide  of  potassium  and  iodato  of  pot-ash.  Alcohol  dissolvM 
out  io<lide  of  potas.sium  from  them,  leaving  iodatc  of  potash;  and  wntfl 
forms  with  them  a  solution  in  which  iodide  of  potassium  and  iodic  adH 
can  be  detected.  It  is  therefore  a  salt  analogous  to  the  sodo^solt  fl 
Mitscherlich.  (Reimann,  J/07.  J^harm.  23,  80.)  ■ 

b.  A  cold  H(|ueou8  solution  of  carbonate  of  potnsli  fortna  with  a  litlfl 
iodine  a  colourli.'.'W  liqiiiil  which  smells  of  iodine;  with  more  indinp  9 
forms  a  bniwnisli  red  solution;  no  carbonic  acid  is  ev  ifl 

bonato  of  podvsli  ij*  proiluced.     The  brown  solution    .  'jfl 

vapour  of  icHiine,  uith  which,  when  tho  liquid  boijfc  B>rl  '  A^l 

at   first  aesoeialod.     By  evaporating,  redissolviflfli^^K  ^^^^1 
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ioiltiM)  three  times  in  snocession,  all  the  carbonate  of  potash  inay  be  con- 
Tcrtrd  into  iodiile  of  pot;i-s.siuui  ami  ioJato  of  potash.  (Reimann.)  [The 
Aolntiou  first  ohtliiuoJ  in  the  coKl  miiy  contain  ioilite  of  potash.] 

e.     By  hoatiuc  hyilrnto  of  pot»;sh  with  io<iine  to  a  temperature  of 
at  must,  iodide  of  potash  ia  formed.  (Grouvelle.) 

D.  loDATE  OF  PoTAsu. — The  basic  salt  of  Gay-Lnssae,  prepared  by 
mixing  the  simple  salt  with  iiotiwh,  R.ammelsberg  failed  in  obtaining — 
lite  noimal  .salt  crystiUizing  out. 

a.  Mo.Mi-Ioi).\TE. — ^Vhcn  iodine  is  added  to  a  mlution  of  potA«h, 
beat  15  evolveil  and  1  atom  of  iodate  of  potash  together  with  5  atoma  of 
iclidc  uf  potassium  or  hydriodatc  of  potash  is  formed. 

CKO  +  01  =  KO.  Ufi  +  5KO. 

|— I.  To  a  solntion  of  potash  iodine  is  aiMed  till  a  permanent  brown 
«oloBr  is  just  produced — the  liquid  evaporated  to  dryness — and  the 
iodide  of  potassium  Bejiarated  from  the  residue  by  means  of  alcohol  of 
•jiccific  gravity  0-81 .  Should  the  remaining  iodate  of  pot^ish  contain  car- 
bonate. Ihe  latter  is  decomposed  by  acetic-acid,  the  whole  evaporated,  and 
tbe  acetate  of  potash  removed  by  alcohol.  (Guy-Lus.sac.) — 2.  Ter- 
thloriile  of  iodine  is  di38<.>lved  in  solution  of  pot.osli.  (Berzelins.)  In  this 
cv*.  io<lide  of  potassium  and  chloride  of  potassium  are  formed  at  the 
time;  the  latter  on  account  of  its  smaller  eolabilitj  in  alcohol,  is 
w  ilifiicult  to  separate. 

3ia'  +  12K0  =  2K0,  ID'  +  9KC1  +  KI. 

— 3.  Iodide  of  potassium  is  fused  in  a  hessian  crucible,  and  allowed  to 
wot  till  it  becomes  semi-fluid,  and  then  1^  parti  of  chlorate  of  jjotash  are 
added  by  degrees.  The  mass  becomes  fluid,  swells  up  and  solidifies  to 
a  uponjry  mixture  of  iodate  of  potash  and  chloride  of  potassium.  It  is 
diti»nlvi'd  in  hot  water,  the  iodate  of  pota»h  left  to  crystallize,  the  crystals 
dlmmlvcd  in  water,  and  the  ioilatc  precipitated  by  alcohol.  (0.  Henry, 
J.  Fhiirm.  18,  3-13;  also  Sc/iic.  6j,  442.) — Small,  white,  cubic  crystals, 
ap|>&rcutly  unaltered  in  the  air.  (Gay-Lu»iac.) 

C&lcalntion. 

KO  47-2    22-14 

IO»  166-0    -7-8fl 


KO,  lO    213-2 


100-00 


Itdite  of  potash  melts  and  froths  up  at  a  low  red-heat  and  is  converted, 
with  pKflpo  of  22'59  per  cent,  of  oxygen-gas,  into  quietly  fusing  iodide  of 
p6tA«iiim,  yielding  77-41  |>er  cent,  of  that  salt.  (Gay-Lussac.)  If  a 
fut  wily  o^the  oxygen  is  expelled,  the  residue  contains  simply  iodide  of 
^slaMium  and  iodate  of  pot.asb,  no  periodato.  (Rammelsberg.)  Accord- 
Big  lo  Horzog  (A'.  Jir,  Arch.  14,  00),  the  iodate  of  potash  heated  to  red- 
o«»  is  o  crlai'  tube,  evolves,  not  only  oxygen-gas,  but  likewise  vapour  of 
fe£ni*.  -  an  alkaline  residue.     lodato  of  potash  detonates  on  bum- 

aipeKrh'  I  :i  purple  light.  (Gay-Lus.ssic.)    When  dissolved  in  water, 

d  by  sulphuretted  hydrogen  ga* — with  precipitation  of  sulphur 
II  of  a  larger  quantity  of  sulphuric  acid, — first  into  brown 
into  eolourles.s  hydriodatc  of  potash.  (H.  Ro8c.)  Sul- 
wisc  colours  the  solution  brownish  red  nt  first,  and  after- 
<  it  ngain.  (Reimann.)  Arsenious  acid  redii<'c.i  iodine 
1.  (Simon,  Hepcrt,  C5,  200.) — Concentrated  hydrochloric 
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acitJ  oAded  to  this  salt  produces  water,  chlorine,  and  the  compound  of  t«i>^ 
chloride  of  iodiuo  with  chluridc  of  potassiam: 

KO.  ICH  +  6HC1  =  KCl,  ICP  +  6HO  +  2CI.     rFilliol.) 

A  solution  of  the  salt  in  excess  of  boiling  nitric  acid  yields  ciystals  i 
iodic  acid  on  cooling;,  while  nitre  remains  in  solution;  if  however  it 
evaporated  to  dryness,  one-half  the  nitre  formed  is  docfuiiposcd,  an 
there  remains  a  mixture  of  one  atom  of  nitre  and  one  atom  of  liinia 
date  of  potash.  NVlien  greater  heat  is  applied,  all  tlie  nitric  acid 
decorajHised  into  hyponitric  acid  and  oxy;^en,  and  driven  off.  so  that 
the  residue  consists  merely  of  simple  iodato  of  jiotash.  (Penny,  Ann^ 
rharm.  37,  203;  also  J.  pr.  Chem.  23,  297.)  If  iodide  of  potassium  jl 
mixed  with  a  solution  of  this  salt,  stroui^er  acids  precipitate  iodine  fruM 
it  ;  acetic  acid  produces  only  a  brownish  re<l  colour,  from  formatiofl 
of  hydriodite  of  potash.  (Keimann.)  It  dissolves  in  13  ]>art8  of  watM 
at  14°  (57'2°  F.)  (Gay-Lussae)  ;  more  readily  in  a  solution  of  iodide  M 
potassium  {Girault),  and  is  not  soluble  in  alcohol.  ■ 

b.  Sin-iodate. — The  aqueous  solution  a,  mixed  with  hydrochloric  aei<H 
gives  on  the  addition  of  alcohol  a  precipitate  of  b. — 2.  An  aqueous  soIiM 
tion  of  ter-chlorido  of  iodine  is  incompletely  saturated  witli  caustic  potaflfl 
or  carbonate  of  potash,  on  which  the  mixture  becomes  heated;  and  ofl 
cooling,  a  compound  of  /'  with  chloride  of  potassium  crystallizes  out  (thfl 
mother-liquor  saturated  with  potash  still  yields  the  salt  a).  The  solutiofl 
of  the  above  compound  diluted  with  much  water,  and  evaporated  in  thi 
air  at  25°  (77°  F.)  yields  the  salt  6  in  beautiful  crystals.  Transparrnfl 
and  colourless  rhombic  prisms,  with  dihedral  summits,  having  a  sous 
astringent  ta^te,  and  reddening  litmus.  When  heated,  it  evolves  oxygofl 
gas  and  vapour  of  iodine,  and  [>asses  first  into  simple  iodate  of  potasQl 
and  then  into  iodide  of  potassium.  Detonates  on  burning  charcoal.  Solifl 
ble  in  75  parts  of  water  at  1  j~;  insoluble  in  alcohol.  (SeruUas,  Ann.  C/iimM 
Phyt.  22,  181;  43,  144;  45,  59.)  ■ 

Calculation,  aocording  to  SeruUos.  ^| 

KO  47'2     12-44  I 

ZIP* 3H2-0     8r-56  ■ 

KO,2IO» 3792     10000  I 

According  to  Penny,  the  crystals  contain  one  atom  of  water.  I 

c.  Ter-iodale. — Formed  on  mixing  an  aqueous  solution  of  iodic  aeiA 
with  a  small  quantity  of  potash,  or  by  adding  iodate  or  biuiodatu  ofl 
potash  dissolved  in  water  to  phosphoric,  sulphuric,  hydrochloric,  nitric.  oS 
liydrolluosilicic  acid.  Iodate  of  potash  in  solution  is  heated  witb  a  largM 
excess  of  dilute  sulphuric  acid,  and  left  to  cvaponite  iu  the  air  at  25-*;  ih^ 
salt  then  crystallizes  out.  The  motber-liquor  contains  a  compound  of  bisal^ 
pbatc  and  biniodato  of  potash  (vid.  seq.).  Large,  transparent,  colour]os^| 
rhonibohedral  crystals,  which,  even  when  free  from  sulphuric  acid,  assumn 
a  reddish  colour  after  a  time.  When  heated  to  fusion  it  evolves  oxygen  gaal 
together  with  -f  of  its  iodine,  leaving  iodide  of  potassium.  It  dissolves  iiM 
25  parts  of  water  at  15°;  the  solution  yields,  on  evaporation,  crystals^ 
first  of  the  bi-acid,  and  then  of  the  tcr-acid  salt.  (Serullas,  Ann.  VhimM 
Fhyt.  43,  117.)  a 

Calculation,  acconlin^  to  SeruUas.  I 

KO  47-2    8-66  M 

SIC 4980    91';u  ^H 

K0.3IO» „ m-i  ^H 
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K.  Pewiopatr  op  Potash — a.  Sub-rail. — A  solution  of  b  is  mixed 
with  potnth  oml  eraporated  till  crystalliration  comniencea.  Small  wbitc 
riA-Etul.",  -wliit'li  are  anhyJrous,  and  separated  by  beat  into  22-188  per 
cent,  of  oxygen,  nnd  77'T3.'  per  cent,  of  a  mixture  of  potash  and  iodido 
of  potassium;  not  less  soluble  in  water  than  b. 

h.  A'ormcJ  Salt. — Chlorine  gas  is  passed  through  a  solution  of  iodate 
of  potash  mixed  with  caustic  potash  or  carbonate  of  potash.  The  salt 
KflttJatc-s  in  small,  white  crystals,  decomposed  by  heat  into  27'134  per 
cf-nt.  of  oxyjsen  and  72'95  per  cent,  of  iodide  of  potassinm,  but  sliirhtly 
soluble  in  water,  and  having  the  properties  of  perchlorate  of  plll,L^!l. 
(Mujjjtius  &  Ammenniiller,  Fogg.  28,  521.) 


C«lrulatc<I  proportion!  of  a. 

2KO  944     3416 

lO? )82-0     63-84 


Cdenlatcd  proportioni  of  b. 

KO    47-2     20-59 

lO' 182-0     79-41 


2K0,  lO? 276-4 


100-00 


KO,  10? 229-2 


100-00 


POTASSICH   A.N'D   BrOMINE. 

A.  Bromide  of  Potassicm. — Potassium  unites  with  bromine,  pro- 

iolcnt  inflammation  and  detonation,  nnd  breaking  the  glass  tube 

i  in  the  experiment.     Heated  potassinm  deconipo.*es  hvdrobromio 

kci.l  gtto;  vapour  of  bromine  expels  ioilino  from   iodide  of  potassium  in  a 

state  of  fusion.  (Balard.) — Preparation. — 1.  Solution  of  hydrobromic  acid 

i»  laturatcd   with  potash  and  evaporated.  (Balard.) — 2.    A    solution   of 

bri>niide   of    iron    is  decomposed  by  carbonate    of  potash  in  equivalent 

pf<ilK)rtion5,  boiled  till  the  j)rezipitate  becomes  brown,  then  filtered  and 

rv'ii.  r->'r(l.  (0.    Henry,  J.  rharm.  15,54.) — 3.   From  the   potash  solu- 

iiied  in  the  preparation  of  bromine  according  to  the  first  method 

I . .  ,  -.'.),  the  bromate  of  {lotasb  is  separated  from  the  bromide  of  potas- 

.•iuni  by  crystallization,  and  the  latter  purified  by  ignition  from  the  bro- 

I'lido  of  carbon   which  adheres  to  it. — 4.   Bromine  is  dissolved  in  solution 

of  j>uta»h  till  the  li<|niil  becomes  permanently  coloured:  the  solution  is 

t'  ;  onited,  tlm  residue  heated  to  redness  and  rediasolved  in  water, 

I   sutumtvd  completely  with  hydrobromic  acid,  and  evaporated 

Through   this   solution    of  bromine   in   potash,   sulphuretted 

g.os  in   ]>ns.scd   in  excess,  in  order  to  convert  all  the  liromato  of 

J"  Li  h  into  hydrobromatc — the  excess  of  sulphuretted  hydrogen  is  exj>el- 

jc-.)  Ii\r  boiling — the  solution  filtered  from  sulphur — any  excess  of  hydro- 

'  id   present  being  neutralized  with  potash,  or  of  potash,  on  tho 

with  hydrobromic  acid — and  evaporated  to  a  smallbulk. (Lbwig.) 

—  1  Le  esill  eome  times  contains  iodide  of  potasaium.  {J,  C'/iim.  Med.  18, 

1  /cH  from  an  aqueous  solution  in  very  brilliant  cubes,  some- 

tiiip  '1  into  jirisms  or  rcluced  to  a  tubular  form.  (Balard.)    Sel- 

1   in   octahedrons.  (Manx,  ScJiw.   49,   103,  and  24,0.)     Decrepi- 

i. ;iic  fire  and  fuses  without  decomposition;  taste,  sharp.  (Balard.) 

•p.  gr.  =  2-415.  (Karsten.) 

Calculation.  Balard.  Liebig. 

K   39-2    33-33    34-44     32-58 

Br 78-4     66-66     6.S-56     67-42 


K,Br U7-6    „ 100-00    100-00 


10000 


i»OTAssnnk». 

100  parts  of  bromide  of  potassium  yielJ  lGO-3  parts  of  bromiJe  of  silve 
(Lioi)ig.)  It  is  flccomjHJsed  at  ii  rod  heat  by  cblorine,  but  ii>;t  by  imiitK 
U'iili  !iolution  of  hypocliioroua  acid,  it  yicldj*  bromate  of  potiwh  and  cUlo 
riJc  of  putai'siuin,  rliloriue  and  bromine  Vx-iug  sol  free.  (Balard.)  WIip< 
it  ut  fused  with  chlorate  of  potiish,  bromate  of  potash  is  jiroduced.  (Oj 
Henry.)  It  dissolves  in  water  with  production  of  cold,  and  more  abuD 
dantly  in  hot  than  cold  water,  eo  that  from  a  solution  saturated  while  hot) 
bromide  of  potassinm  crystalliKOs  on  cooling.  Slightly  soluble  in  alcohoL 
(Balard.) 

B.  Pebbhomide  dp  Potassicm  or  Hydrobromitb  op  PoTASUt — 
Acconling  to  Balard,  broniiuo  i.s  not  more  soluble  iu  an  aqueous  eolutioU 
of  bromidu  of  potassium  than  in  pure  water;  according  to  Luwig,  on  thd 
contrary,  a  solution  of  one  part  of  bromide  of  potassium  in  ij  part«  ofl 
water  takes  up  as  much  bromine  as  it  already  contains,  forming  a  reddisti 
li'(uid,  which,  when  gently  heated,  becomes  colourless  from  the  scpanitioJ 
of  the  bromine  dissolved.  A  solution  of  ono  part  of  bromide  of  potarsiaiJ 
in  one  part  of  water  takes  u]i  twice  as  mu<-li  bromiut.-  a-s  it  already  containM 
evolving  so  much  heat  that  the  excess  of  bromine  escapes  with  efierveM 
couce,  and  leaves  a  thirki^h  dark-brown  liquid  which  mixes  with  wat«H 
without  separation  of  bromine,  but  gives  up  it«  bromine  when  beat«d  nd 
oxposod  to  the  air,  ■ 

C.  HvroBRoMiTE  OP  Potash  1  Concentrated  solution  of  pota4l 
takes  np  bromine,  with  considerable  rise  of  temperature,  and  forms  a  liqoifl 
which,  when  the  potash  is  in  excess,  is  of  a  pale-yellow  colour,  muelll 
like  chloride  of  lime,  blciches  litmus  and  indigo,  yields  but  a  very  smmfl 
quantity  of  bromate  of  potash,  and  from  which  the  weakest  acids,  ovea 
carbonic  acid,  liberate  bromine:  ammonia  added  to  it  gives  off  nitrogen  gaal 
As  soon  as  an  excess  of  bromine  is  added,  the  liquid  deposits  a  large  quantity 
of  pottLsh,  and  after  the  free  bromine  present  has  escaped  into  the  air,  nfl 
longer  possesses  blc-'ichiug  properties.  Light,  heat,  and,  to  a  certain  esten^ 
cvaponitiim  in  vacuo,  also  destroy  this  power  b}*  causing  the  formation  uM 
brnmate  of  potash.  In  the  beginning  there  is  doubtless  formed  a  mixturfl 
of  bromide  of  potassium  and  hypobroniite  of  potash  ;  afterwards,  when 
excess  of  bromine  is  a<lded,  bromide  of  potassium  and  bromate  of  potjud 
.ire  produce<l.  Carbonate  of  {>otasli  behaves  in  the  same  manner;  with  ■ 
deficient  quantity  of  bromine  it  forms  a  bleaching  liquid  which  likewiaa 
conliius  bicarbonate  of  pota>h  ;  and  with  excess  of  bromine  it  yields  hmM 
mide  of  ]>otassium  and  bromate  of  potash.  Bromino  expels  carbonic  nci^ 
from  bicarbonate  of  potash.  (Balard,  J.  pr.  C'fum.  i,  16j.)  When  bro9 
mine  is  carefully  added,  with  constant  stirring,  to  a  cooled  solutiod 
of  potash,  so  that  the  latter  may  remain  cold  aud  in  excess,  no  bro« 
mate  of  potash  is  obuiiued,  but  an  orango-ycllow  bleaching  liquid,  wbio)l 
does  not  smell  of  bromine,  evolves  nono  when  boiled,  and  behaves  like  thM 
chlorides  of  the  alkalis.  (Fritr.»che.  J.  pr.  Cum.  24,  2.'il.)  Liiwig  »Ie« 
obtained  with  aoliition  of  carbonate  of  potash  and  bromine,  a  yellowish  soIiM 
tion,  which  destroyed  vegetable  colours,  corroded  paper,  smelt  like  chloridfl 
of  potash,  evolved  carbonic  :icid  when  boiled,  and  deposited  bromate  ofl 
potash  as  it  cooled,  thereby  losing  it«  bleaching  power.  ■ 


D,  Bkom.^te  or  PoTAsn.  Formed  by  »n' 
traled  solution  of  potash  (or  carbonate  of  p"i 
or  clilorido  of  bromine.     The  greater  part  of  tiio  broD» 


wyrtal! 
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UteB  oat  imnicdiately,  tbe  rest  by  evaporation  and  cooling,  wbiUt 
ni-nriy  all  ifao  bromiuo  or  cbloridc  of  potafisium  remains  iu  fiolution. 
(Balnrd.) 

Purified  by  repented  crystallization.  This  salt,  on  cooling  from  a  Lot 
Piilntioii,  crystallizes  in  needles;  by  epontancuus  evaporation,  in  fliit  plutes 
i"'''!.inl);  by  very  slow  cooling  from  a  wanii  solution,  in  four  and  «ix- 
anLil  uliles  and  cubes  with  rounded  summits.  (Lowig.)  Always  in  forms 
belonging  to  the  regular  sj-stem.  (Fritzsche.) 

Crystallued.  RammeUberg. 

KO    <7-2     28-50     28-765 

BrO' U8-4     71-50     71-2,15 


KO,  BrO» 165-6     100-00     100000 

Ala  red  heat  it  wparates  into  oxygen  gn»,  and  00-04  per  cent,  of  bromide 
of  potAssiuni.  (Balard.)  Before  this  decomposition  takes  place,  the  crys- 
tals generally  decrepitate  in  a  peculiar  and  violent  manner — probably 
due  to  their  conversion  into  a  mixture  of  perbromate  and  bromite  of 
IK>ta*h.  (Fritzsche,  J.  pr.  Clum.  24,  285,) 

2{KO.  BrO')  =   KO,  BrO'  +  K0,BrO\ 

This  decrepitation  is  produced  by  those  crystals  only  which  aro  ob- 
tainixl  from  a  solution,  either  perfectly  neutral,  or  mixed  with  acetic  neid 
and  left  to  spontaneous  evaporation.     An  exueijs  of  potash  in  the  liquid 
canscs  the  formation  of  crystals  which  do  not  possess  this  property.     The 
rrvstnls  healed  iu  a  test  tube  to  between  100°  and  150°,  lose  a  little  water 
with  slight  decrepitation;  but  at  about  350",  they  crumble  to  powder  with 
brisk  detonation.     The  loss  of  weight   (partly  arising  from  the  escape  of 
r)  of  the  salt  dried  at  107°,  amounts,  -after  decrepitation,  to  1-35  per 
only.     The  powder  jiroduced  by  decrepitation  appears   under  the 
•••  lo  be  composed  of  opaquo  pieces  of  ill  detined  shape,  and 
I  numerous  fissures.     It  dissolves  in  water  with  evolution  of 

>  Meg  of  oxygen  gas,  which  appear  even  when  it  ha.s  been  freed 

:.  ring  air  by  being  moisfoiicd  with  alcohol,  and  continue  to  escape 

tjll  the  whole  is  dis.'-olveil.  The  quantity  of  oxygen  evolved  is  very 
SDiall.  and  is  again  partly  absorbed  by  the  solution,  so  that  when  the  evo- 
lution of  gas  begins  to  slacken,  sonic  of  the  bubbles  may,  by  examination 
with  the  microscope,  be  seen  to  disappear  again.  In  hot  water,  the  escape 
of  gae  is  more  abundant.  In  assuming  that  the  bromate  of  pota.»li  m 
decrepitating  is  resolved  into  a  mixture  of  porbroniato  and  bromite  of 
poUtsli,  it  must  further  be  supposed  that  the  perbromate  is  decomposed 
uy  water  info  bromate  of  potash  and  oxygen  gas,  and  that  the  bromite 
9ti  free  at  the  same  time  reabsorbs  a  portion  of  the  oxygen  gas,  and  is  con- 
vert«d  into  bromate  of  potash;  the  excess  of  bromite  ausorbing  from  the  air 
tli«  oxygen  which  is  required  for  this  purpose.  The  cryst^ils  obtained 
by  rapfdiy  cooling  a  hot  solution,  or  from  the  evaporation  of  a  solution 
MipcrKiturated  with  potnxh,  decrepitate  but  slightly,  and  only  at  a  higher 
t«iupeniture,  near  the  melting  point  of  the  salt,  aud  are  reduced  to  a  pow- 
Scr  which  evolves  but  little  gas  when  dissolved  in  water.  (Fritzsche.) 

When  the  sail  is  gnidu-jlly  heated  and  begins  to  evolve  oxygen  gas,  a 
faiot  glow  makes  its  appeaniiicc  at  one  point,  and  gradually  extends  over 
the  whole  mas?,  the  evolution  of  gus  nt  the  sumo  time  becoming  more 
rapid  ;  broniido  of  iiota^iium  in  a  half  fused  state  remains  behind.  i,Ram> 
mclubcrg.) — The  s.ilt  detonates  on  ignite<l  charcoal,  and  violently  when 
rith  sulphur  and  struck  (Dolard);  also  by  tbo  electric  cpuk. 


56 


POTASSIUM. 


(Jjiywig.)  It  ia  decomposed  b_v  oil  of  vitriol,  with  vicilent  dccrrpiUtion 
(wliirh  might  seem  to  indicate  tlic  prcsoucc  o{  a  pis  in  the  lusc^ut  *lat« 
similiir  to  oxide  of  rhlorinc)  into  vapour  <if  hromiiii.',  oxy^n  ^f.  and  sufl 
phalp  of  potiish.  Mixed  with  sulphur,  rfsiii.  &c.  it  inflamed  whol 
touohod  with  oil  of  vitriol.  (Lbwig.)  A\'hcn  hwitod  with  nitrio  lurifl 
it  iH  resolved  into  vapour  of  bromine,  oxy^>u,  and  nitrate  of  potu^b 
(Penny, ./.  j>r.  Chnn.  23,  2.0S.)  From  a  hot  lujueoua  solution  of  the  ; 
mixed  with  sulphuric  acid,  broniato  of  iH)t!Uih  i  no  bibronmte)  crys 
out  first,  and  aftcrwanls  bisulphate  of  potajjh.  (HaniineUber;:.)  ~ 
aqueous  solution  treated  with  hydrosulphuric  acid,  yields  milk  of  »ulpn 
sulphuric  acid,  and  hydrobrouiic  acid.  (H.  Rose.)  Clih>r:iii-  jvD'.n'* 
through  the  nolutioii  produces  but  eli-rht  decx)n)positioi 
a  little  bromine,  which  colours  the  liquid  yellow,  (li. 
Bait  dissolves  at  15°  in  l.')-2  parts  of  water,  (Raniniel>lt<rg, ;  ui<>r<- abas 
danlly  in  hot  water,  very  sparingly  in  alcohol.  (^Balard :  al-n  RaniiiioUbcrg 
f  Off/.  52,  80;  55,  88.) 


Potassium  axd  CnLonutE. 

A.  Chloride  of  Potassium. — Digestivr  Sail,  Double  rtjined  mlinftr 
Stlf,  Sal  (iigettivum  Sylvit,  Sal /Arifuytim  Si/hii. — Potassium  Isil 
ordinary  te)nj»eraturc3   in  chlorine  gn.9.  and   burns  with  a  red  1. 
more   vividly  than  in  oxygen  gaa;  the  product   is  chloride  of  pMl)«;«-iuiu 
(H.   l).avy. '       Chlorine   paa    pawed   over   red-hot   potash    or   iodide    a 
potax.-ium,  forms  chloride  of  potassium,   and  liberates  oxygen  or  iodin* 
Potassium  gently  heated  in  hydrochloric  acid  gas  burns  with  a  lively  ro 
flame,  producing  chloride  of  pot:issiuin,  and  separating  lialf  a  volume 
hydrogen  gas.     When  concentrated  hydrochloric  acid    is  dropped  uj; 
hydrate  of  potash  in  the  dark,  a  faint  light  is  emitted.   (Henrich.  i     Pot 
Bium  separates  the  chlorine  from  chloride  of  magnesium,  and  likewia 
from  many  other  chlorides  of  the  earth-metals  and  the  heavy  motaU.- 
Chloride  of  potassium  ia  occasionally  obtained  as  a  by-procfuct,   in  tt 
prepanition  of  chlorate  of  potash,  soap,  glass,  solution  of  carbonate 
ammonia,  carbonate  of  soda,  and  tartaric  acid,  and  in  the  purification  i 
nitre. 

White,  crystallizing  in  cubes  often  prisroatically  elongated,  and  rarcly- 
e.ff.  from  potash-ley — in  octohedrons.  Sjvecific  gravity  =  7"S3(>  (Kirwan) 
=  19153  (Karaten),  =  lf)45  (Kopp).  Unacted  on  by  the  air.  Dock 
pitates  when  heated  ;  fuses  at  a  low  rod  heat  ;  volatilises  at  a  highe 
temperature  unchanged.  It  is  somewhat  more  volatile  than  chloride 
sodium;  in  a  covered  crucible,  it  may  be  kept  in  a  state  of  fusion  withou 
lo.ss;  in  open  vessels,  it  volatiliiies  gradually  in  the  constantly  renowo 
current  of  air.  (H.  Rose;  PQff</.  31, 132.  Vul.  I.,  20(5.)  Tastes  like  cor 
men  salt. 

Calcolation.  Urt. 

K    „ 39-2     S2'6    53 

CI   „..    35-4     47-4     47 


K.Cl. 


OvrffUuk.    XIrwAJi.  H.C>«r)r. 

KO 63-257       64       6i-4 

MoOS aC74.T       36       :i.i-6 


74-6 

VlKMl. 

64-74 
35'26 


lOO'O 


100 


Conrndtii. 

C5-I7 
34-83 


tUltOD. 

05-6 
34-4 


T.  Rom.       nrnliotl4 
66-03         6fi-66l 
33-97         33  341 


KO.MuO'  100000     100     lOUO       10000       10000       1000       10000 


[MqO'  signifies  hypothotically  anhydrvns  mumtiA 
weight  =27-4.  Fid.  11.356.] 
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Salpbar  mixed  with  chloride  of  potas.<;iuiii  in  a  fused  etatc  proilaccs  a 
naall  ijiiantity  of  sulphide  of  pot:;«iuni.  (A.  Vogel,  Schie.  21,  71.)  Hy- 
dntti-d  sulphuric,  tartnric,  and  nitric  acids,  form  a  snlt  of  pota*h,  and 
wparatc  hydrocliloric  acid. — ChloriJo  of  potassiain,  in  dissolvin-j  in  water, 
pro<lu(X'«  a  much  greater  dc^jree  of  cold  than  common  salt,  but  less  than  Bttl- 
ammoniac.  One  part  of  the  salt  dissolves  at  17'5°  (635"  F.)  in  3008  parts 
of  water,  forming  a  solntiou  of  specific  gravity  1-1635  (Karsteu):  it 
dissolves  at  11-8",  in  289  parts;  at  IS'S",  in  287  parts;  and  at  15(j-,  in 
B?B5  parts  of  water.  (Kopp.)  lUO  parts  of  water  at  0°  dissolve  20'23 
Hklta  of  chloride  of  potassium,  and  for  every  degree  above  /.ero  (centi- 
gm<Ie)  0'2T3s  f mrts.  (Gay-Lussac. )  From  the  solution — in  which  hy«lro- 
chlitmtc  of  polash  may  be  supposed  present — chloride  of  potassium  again 
cz^^'Ktaliizcs  on  evaporation.     It  is  but  slightly  soluble  in  alcohol. 

B.  Htpociilorite  OP  PoTAsn. — tt.  Pure. — A  solution  of  hypochlorous 
wnX  in  water  unites  with  solution  of  potash,  producing  a  rise  of  tenipo- 
r»tnrc.  To  a  solution  of  potash  kept  quite  cool,  the  aqueous  acid  is  added 
by  ih'grccs,  in  such  quantity  that  the  potash  may  remain  slightly  in 
nxccsK. — Heat  or  an  excess  of  acid  would  cause  the  compound  to  separato 
xnio  chloride  of  ])otassium  and  chlorate  of  potash.  (Balard.) — Hitherto 
known  only  in  the  state  of  solution,  having  the  properties  already 
de^ribed.     (II.,  301— 304.) 

bw  Chloridf.  of  Potnth.  An  aqueous  solution  of  one  atom  of  hypo- 
chlorite of  [intnsh  and  one  atom  of  chloride  of  potiissium  ;  Eau  lU  Javelle, 
1.  Cfalorino  is  passed  through  an  aqueous  solution  of  C4iudtic  potaah 
or  its  c:»rbi>j)ate,  Icept  constautly  cool,  till  the  potash  is  all  but  saturated. 
Tbo  carboiiutc  of  poLoeh  at  first  changes,  from  loss  of  alkali,  into  the 
bicarbonate,  which  crystallizes  from  tbo  solution  when  more  saturatoil ; 
bat  by  a  greater  quantity  of  chlorine,  this  salt  is  likewise  changed  into 
chlnriJr  of  potash,  with  cscsipc  of  carbonic  acid.  If  the  liquid  becomes 
beatol,  or  if  more  than  one  atom  of  chlorine  is  supplied  to  each  atom  of  pot- 
ilbL,  the  hypochlorite  of  potash  is  decomposed,  and  the  bleaching  property 
— at  k'HSt  in  part — is  lost  — 2.  Solution  of  chloride  of  lime  is  mixed  with 
kjterbouate  of  pot.ish,  and  the  clear  liquid  decanted. — Colourless  liquid, 
rlUITiD^  a  peculiar  smell  ami  rapidly  destroying  organic  colours  and 
odour*— corroding  paper,  with  iliHcngagcment  of  heat — evolving  oxygen 
when  boilcil — decomposing  aninionia  with  csciipe  of  nitrogen  gas — osidixing 
I  inetnlit,  &c. — (See  II.,  300—304.)  If  chlorine — produced  from  a  mixture 
of  10  parts  of  common  salt,  8  parts  of  manganese,  14  parts  of  oil  of 
Titriol,  and  10  parts  of  water — is  {Missed  through  24  parts  of  dry  i>owdcrcd 
carbonate  of  potiish  moistened  with  one  part  of  water,  the  bleaching 
compound  is  obtained  in  the  solid  form,  mixed  with  bicarbonate  of  potash. 
(Ph.  Mayer  &  Schindlor,  Jlepat.  31,  1.) 

T  C.  CntoniTR  op  PoTAsn.     Prepared  by  saturating  caustic  ])ota«h 

with   cblorou*  aci'l.     The  acid  takes  some  time  to  combine  with   tbo 

al1(Hli.  the  combination  not  being  comjilete  for  several  hours.     On  agi- 

Inlinn  ttit<  mixture,  the  colour  of  the  acid  disappears;  but  on  adcliug  a 

few  driips  of  solution   of  acetate  of  Iciul,  a  white  precipil.ito  is  foiuied, 

r'^fninin!}'  excess  of  oxide  of  lead,  and  quickly  changing  {in  the  liquid) 

and  brown  jieroxide  of  lead.     But  if  the  lea<l-salt  be  added 

•  1  and  alkali  have  been  mixed  for  an   hour,  yellow  scales  of 

l^fanto  ol  li-ad  are  pn.'cipitated  and  remain  iinnltercd. — If  the  acid  is 

^^■e<I  in  exrcs.1,  the  li<|uid  acquires  a  deep-red  colour,  and  a  bichlorite  of 
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potaxb  IB  foTme<l:  this  salt  cannot,  Lowevcr,  bo  obtained  in  the  kAvM 
bUito,  because  the  Moces  of  aciil  csciipes  nn  evapomtion.  To  mako  iutfl 
tlint  tJie  potiuih  is  completely  Hiiurated,  the  chlorous  acid  must  be  addedi 
till  the  liquid  Ix-fjiiis  to  exhibit  a  red  tint;  it  inuBt  then  bo  evaporated  to 
dryncBu  over  the  water-bath  as  quickly  Oji  possible.  The  resiilue  tb«^ 
cousixts  of  neutral  chlorite  of  pota>!b,  KO,  CIO'.  But  if  the  liquid  is  ovifl 
ponitcd  slowly,  either  in  vacuo  or  in  tbo  drying  chamber,  the  salt  ifl 
tnuisformed  into  a  mixture  of  chloride  of  potassium  and  chlorate  ofl 
potash.  M 

i(KO,a(y)  =  KCl  +  2(K0,C10').  ■ 

The  dry  ealt  is  colourless,  and  may  be  prcscn'cd  unchanged  in  rioafl 
ve«8eLi.  When  exposed  to  the  air,  it  deliquesces,  and  undergoes  gradaafl 
decomposition.  In  a  dry  atmosphere,  it  supports  a  temperature  of  180^ 
without  alteration ;  but  at  higher  temperatures,  it  undergoes  a  change  ooS 
yet  understood,  and  acquires  a  yellow  colour.  (MiUon,  Ann.  /'AaroM 
46,  306;  Berzeliofi,  Traits,  3,  133.)  %  ■ 

D.  Htpochlorate  op  Potash. — Solution  of  potash  not  quite  satol 
rated  with  peroxide  of  chlorine  is  evaporated  in  vacuo. — Crvtitulliios  in 
fine  scales,  similar  to  those  of  chlorate  of  potash;  but  when  mixed  wit|fl 
one  part  of  oil  of  vitriol  and  10  parts  of  water,  it  evolves  peroxide  afl 
chlorine,  with  violent  etlervosccnce.  It  absorbs  carbonic  acid  gas,  and  in 
decomposed  by  it.  Deliquesces  only  in  moist  air.  (Martens,  viJ.  II.  31  Ll 
S12.)  .\ccordiug  to  ]\Iillon,  peroxide  of  clilorinu  yiebls  with  potasfl 
n   mixture   of  chlorate   of  potash  (KO,  CIO'),  and  chlorite   of  pot«dl 

(Ko,cio').  ^m 

E.  CnLoUATB  op  Potash. — Hi/per-oxymurinlt  ofpotai!i. — A  solution 
of  one  part  of  potiish  in  3  part*  of  water  is  completely  saturated  witfl 
chlorine  passed  into  it  through  a  bent  tube;  it  is  then  allowed  to  stanfl 
a  whole  day — or  heated  for  some  time,  not  quite  to  the  boiling  point — in 
order  to  decompose  all  the  hypochlorite  of  jtotash.  On  cooling,  thn 
greater  part  of  the  chlorate  of  potash  crystallizes  out — most  completoly^ 
however,  at  freezing  temperatures.  (Sdi.  33  and  31.)  ■ 

L  6KO  +  6Cl  =  5KCI  +  KO,  C10».  M 

"  or:         6K0  +  CCl  +  5HO  =  5(K0,  HClj  +  KO,aO».  ■ 

On  heating  the  liquid,  it  evolves  a  small  quantity  of  oxygen — at  mostn 
however,  from  2  to  3  per  cent.  (Gay-Lussac.)  Protracted  boiling  uM 
necessary,  by  which  chlorate  of  potash  is  lost,  (Graham.)  If  one  part  ofl 
hydrate  of  potash  is  dissolved  in  2,  4,  or  16  parts  of  water — then,  oql 
saturating  with  chlorine  and  evaporating,  oxygen  escapes,  and  one  atoun 
of  chlurute  of  potash  is  obtaiued  with  about  1 8  atoms  of  chloride  of  potathfl 
eiuni.  (Morin,  Ann.  C/iim.  Phijs.  37,  154.)  The  liquid  often  becomusi 
reddish  from  the  manganese  carried  over  by  the  chlorine,  which  forms* 
Ly7>eniiauganate  of  potash.  The  mother  liquor  when  evaporated  ondw 
cooled,  still  yields  crystals  of  chlorate  of  potash,  but  contaminated,  to  aM 
greater  exteut  on  each  repetition  of  the  prc<ce-s8,  with  chloride  of  potas-V 
«ium :  this  must  bo  got  rid  of  by  repeated  solution  in  hot  water  and  I 
cooling,  the  ehlorale  being  fur  more  soluble  in  hot  limn  iu  cold  water,  ■ 
while  the  solubility  of  the  chloride  varies  but  slightly  with  the  torapcra-l 
turc.  Mackenzie's  assertion,  that  more  chlorate  is  obtained  when  thofl 
rhluriuc  gas  passed  into  the  solution  is  mixed  with  oxA'gen  gas  or  air,  *»  J 
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I  tW  oxygen  m»v  be  absorbed  at  the  samo  time,  appears  to  be  aufonnded. 
(II.  301.) 

I  t.  A  solution  of  one  part  of  carb<matf  of  potash  iti  2  or  3  parts  of 
Vfttcr  is  saturated  witb  chlorine  g;i»,  and  then  treated  as  in  the  first 
inctbod.  The  first  half  of  the  chlorine  i»  absorbed  readily,  bicarbonate  of 
potash  being  formed  at  the  sjinic  time ;  this  s^all,  however,  solidifies,  and 
nmv  »top  up  the  conductiiii;-tiibe.  After  this  the  absorption  proceeds 
more  »l<iwl_v,  and  chlorine  and  hypoehlorou.s  acid  escape  together  M'ilh  tho 
tairLonir  acid  which  i»  given  otf  during  the  remiiindcr  of  the  process. 
Caoftic-  potai-h  is  therefore  preferable.  Guthrie  (Sill.  Am.  J.  21,  .04)  used  10 
parta  of  oil  of  vitriol  <with  salt  and  manganese)  in  the  first  process,  and 
17  part^i  in  the  second,  to  obtain  one  part  of  chlorate  of  potash.  Tlio 
•ilicti  frequently  contained  in  rairbonato  of  potiish  is  thrown  down  liy  tho 
cldorioi',  and  mixes  with   tho  crystals  of  chlorate  of   potn«h.     In  this 

I  pn^ce^,  also,  the  liquid  is  often  coloured  reddish  by  bypermanganate  of 

I  potaiih. 

I       3.  Chlorine  gas  is  passed  to  saturation  through  an  intimate  mixture  of 

'  ooc  atom  (CO'2  parts)  of  carbonate  of  potash  and  one  atom  of  dry 
hydrate  of  lime  (containing  28  parta  of  burnt  lime).  Absoqttion  pro- 
oe«U  rnjiidly,  the  temperature  rising  above  100',  and  the  water  piussing 
fS  in  vapour.  The  saturated  uioss  is  heated, — so  aa  to  decompose  any 
hrpnclilorite  of  potash  that  may  bo  present — dissolved  in  water,  filtered, 
U1..1  left  to  crystallize.  (Graham,  I'hil.  Mmj.  An.  18,  .Tl.S;  also  Ann. 
j-'ktirtn.  -41,  306.)  All  the  lime  remains  in  tho  form  of  carlwpuate.  Tho 
neutral  filtrate,  which  has  no  bleaching  power,  contains  only  chloride  of 

I  {lutdiaium  and  chlorate  of  potash.  (Graham.) 

4.  A  mixture  of  one  atom  (74'0'  parts)  of  chloride  of  pot&ssinm  and  6 

JJ68  parts)  of  burnt  lime,  re<luced  with  water  to  a  thin  cream,  is 

with  chlorine,  and  the  chlorate  of  potash  separated  by  crys- 

ttinn  from  the  chloride  of  calcium,  the  only  otlier  substance  presuot. 

'g,  A7in.  J'/uitw.  -11,  307.) 

KCl  +  eCaO  +  6Cl  =  KO,  CIO*  +  6C«C1. 

,  10  parts  of  chloride  of  lime,  mailc  into  a  {taste  with  water,  are 
iratcd  to  dryness,  by  which  nieanii  tho  clUorido  ia  converted  into  a 
mixture  uf  chlorate  of  linio  and  chloride  of  calcium,  no  longer  possessing 
LleacLing  projierlies.  It  is  then  dissolved  in  wattr  and  tiltired;  the 
•olutiou  conwntr.itcd  by  ovAjioration  ;  mixed  with  one  part  of  chloride  of 
polvxium  ;  and  allowed  to  cool.  The  chlorate  of  potii«h,  amounting  to 
abuut  tV93  parts,  which  crystallizes  out,  is  purified  from  chloride  of  cul- 
rinm  by  rcpentcl  crystallization.  (Liebig,  Jfar/.  rharvi.  3.j,  225.)  A 
••ring  (if  I  of  potash  i»  ellectetl  in  this  process;  but  tho  rapid  evolution 
of  oxvgcn  ilnriu^  the  cvaponition  of  the  chloriile  of  lime  occasions  tho 
loM  of  tt  l.-vrtrc  portion  of  the  chlorate  (\,  according  to  Martens).  —  Vee 
(J  19,  270)  mixes  sidution  of  chloride  of  liuic,  without  pre- 

}fii.i.  iiig  it,  with  chloride  of  ]iotaj<'sium ;  boils  rapidly,  by  which, 

vei.  much  oxvffou  i*  often  driven  ofl";  and  leaves  it  to  c-rystallizo. 
nratin^'  tho  liquid  with  chlorine  previously  to  boiling  it,  might  bo 

<  on    of   chloride   of  lime    is  precipitated  by  carbonate  (or 

•■ipitslo)   of  potoi'h,  tho   solution    saturated    with   rhlorine,  eviipurutcd, 

nnil  .>iiilc.d.   (Oay-Lnssao,  Cum})l.  rend.  H,  1)51.)     Tho  crystals  are  sepa- 

V  solution   in  hot  water  and  filtnliou,  from  silica  and  oxido  of 

,   and    by  crystallization — repealed    till   the  adt   no   longer 
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renders  a  solution  of  silver  tarbid — from  tlio  chloriilcs  of  potassium  i 
calcium. 

Cblorato  of  potash  foniw  colonrlcss  transparent  crystals,  harlo^ 
glassy  lustre,  ami  bclonginj;  to  the  oblique  prismatic  s^vstem  of  crv»t 
tation.     Softer  than  rock  salt;  cloavablp  parallel  to  u  and  ?/'; — i  :  u  or ) 
=  105°  30';  »i  :  u'  =  lOr ;    t  :/=  lOG"  4j',    i  :  a  =  129'   45'.  (Brool 
Ann.  Phil.  21,   451.)     t'leavable   parallel   to  «,  w' and  »';  i  :  «  or  «' : 
106";    i(  :  ?*' =  104°  nearly;  made-crystals,  with  their  ancles   in 
eame  direction,  produced  by  the  union  of  two  crystals  at  their  t-surfac 
the  (TN'stals  refract   light  doubly.  (Haidingcr,  Edinh.  J.  of  Se..  \,  103 
Bv  rapid  cryst,allizatiun,  the  prisms  are  rendered  very  short  and  tabula 
by  slower  crystallization,  they  are  elongated.     The   salt  emit.s   spa  ' 
when  rubbed  in  the  dark;  fuses  at  a  gentle  heat,  without  decompositio 
remains  unaltered  in  the  air  ;  tastes  cooling,  rough,  and  like  nitre. 


KO  ... 
CIO*  .. 
W»tcr 


Cr^tallizod.  Berzelios.         ChnieTix. 

47-2    38-5     38-491 /■     39-2 

7S'4     61-5     61-5083    M-3 

2-5 


KO,CIO».„ 122-6    100-0     1000000    100-0 

Above  .356°,  but  still  under  redness,  it  evolve.^  oxygen  givs  with  cod 
eidcrablo  frothing,  and  at  a  higher  femperature  is  completely  resolve' 
into  iixygen  and  chioriile  of  potassium,  tho  oxygen  amounting,  accordii 
to  Stadion,  to38-5;  Berzelius,  39'1.5;  Pelouze,  39-16;  andMarignac  {Anr 
Phai-m.  44,  13),  39-161  per  cent.  A  trace  of  chlorine  is  mixed  with  tho 
oxygen,  and  of  potash  with  tho  chloride.  (Marignac.)  But  if  the  heat  at 
■which  the  oxygen  begins  to  escaj)e  is  not  further  increased,  the  mass 
ccni?cs  after  a  time  to  boil,  becomes  pasty,  and  consists  of  a  mixture  of 
perchlorntc  of  potash  and  chloride  of  potassium  in  equal  numbers  of  atoms. 
(Semllas,  Anv.  Chim.  Fhy».  46,  323;  also  Pogg.  22,  301.) 

2(KO,CIO»)        KO,Cl(V  +  KCl  +  40; 

Probably,  2  atoms  of  chlomtc  of  potash  arc  resolved  by  the  first  actio 
of  the  heat  into  1  atom  of  perchlorato  of  potash  and  1  atom  of  chlorit 
=  K0,C10';  .^nd  this,  by  the  evolution  of  4  atoms  of  O,  is  converted  !nt 
KCl.  From  100  parts  of  chlorate  of  potash,  45  parts  of  perciiloratc  tmA 
be  tiius  obtaine<!.  (Serullas.)  For  the  complete  decomposition  of  the  pots 
chlorate  remaining  in  the  residue,  into  ox3'gon  gas  and  chloride  of  potsij?- 
einm,  either  a  stronger  heat  is  necessary,  or  tho  mldition  of  powdered 
mangauefe:  this  substance  causes,  even  at  a  moderate  heat  and  without 
itself  losing  oxygen,  a  rapid  escnpe  of  gas  from  the  salt,  followed  in  ■ 
deed  by  an  increase  of  heat,  which  raises  tho  mass  to  low  rcdnc«s. 
(Doberoiner,  .-(««.  P/i/iiin.  1,  236;  rid.  II.,  20.)  Oxide  of  copper  acta 
like  mangaucso;  silica  produces  no  effect.  (Mit«chcrlich,  Pw/rr.  S.'i,  220.) 

Chlorate  of  ]>otash  detonates  witli  combustible  bodies,  as  cariion, 
phosphorus,  oxide  of  pho.Kjjhorus,  sulphur,  various  metals  and  metallic 
sulphides;  the  explosion  being  extremely  violent,  often  induced  even  by 
n  blow,  and.  when  large  quantities  are  u.?ed,  attended  with  great  danger. 
A  niixtnro  of  the  salt  with  arsenic  or  sulphide  of  antiuiony  is  not  inflamed 
by  a  red-hot  iron-wire  in  v.icuo;  the  first  mixture  inflames,  however,  on 
the  admission  of  nitrogen  gas,  vhen  the  barometer  stands  at  -2  inches 
only;  and  the  second,  on  a  larger  admission  of  nilr^u'cn  jne:  hut  all  mm- 
bustilde  mixtures  of  this  kind  inflame  under  sm:. 
than  in  air.  (Hcarder,^.  ;jr.  C'A<;7it.20,  253.)  Chloi  . 
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rith  oxide  of  lend  cbaD|[;ea  it  into  peroxide;  and  a  mixtare  of  Iiydrale  of 
oUi-ih  siiid  peroxide  of  inansranese  converts  it  into  manganato  of  potash. 

It  hs  Jecoinposcd  by  oil  of  vitriol  into  oxide  of  cLloriiic,  bisulphate  of 

Dtash,  and  perchlorate  of  potasL,  the  decomposition  being  attended  with 

riolcDt  decrepitation,  and  often  with  a  flashing  liglit;  combustible  siib- 

ancei?,  such  as  sulphur,  metallic  sulphides,  arsenic,  resin,  camphor,  gum, 

'  80^ar,  mixed  with  the  salt  and  moistened  with   oil  of  vitriol,  are  in- 

»me<l  by  the  oxide  of  chlorine  evolved.     A  mixture  of  the  salt  with 

Blphur,  sulphide  of  antimony,  or  arsenic,  does  not  take  fire  in  vacuo  on 

lio  addition  of  oil  of  vitriol,  but  merely  eflervesces  with  emission  of 

(>ark«,  visible  in  the  dark.  (Hearder. )     Chlorate  of  potash  distilled  with 

><line,  yields  chloride  of  iodine  which  volatilizes,  and  chloride  of  potassium 

nd  chlorate  and  iodato   of  potash  which  remain   behind.   (Wohler.)     A 

nilin^  solution  of  the  salt  takes  up  the  first  atom  of  iodine  added,  with- 

lit  becoming  coloured;  but  on  a  further  addition  of  iodine,  a  yellow,  jind 

rn  n  brown  colour  is  produced  :  the  products  of  the  reaction  arc  iodal« 

potash  and  a  chloride  of  iodine,  containing  variable  proportions  of 


KO.  C10»  +  I  +  il  =  KG,  IO«  +  1«  CI. 

With  a  small  quantity  of  iodine,  pontachlorido  of  iodine  appears  to 
formed;  for  on  boiling,  the  liquid  evolves  chlorine,  anil  afterwards 
»nt;(in.i  Ifrehloride  of  iodine,  which  yields  a  precipitate  of  iodine  with 
ite  of  potash.  On  evaporating  the  liquid,  the  chloride  of  iodine 
\,  whilst  pure  iodate  of  ]>otash  remains.  (Millon,  J.  Pharm.  27,  10'2; 
pr.  C/unn.  23,  253.)  An  aqueous  solution  of  chlorate  of  potash 
fcixcd  with  iodic  acid,  yields,  according  to  the  quantity  of  iodic  acid 
lldcd,  crystals  of  iodate  or  biniodate  of  potash — the  mother-liquor  con- 
lins  chlorate  of  potash  and  free  chloric  acid.  (SoruUas,  Aim.  ChLm.  Pliys. 
'i,  2S1.)  An  excess  of  concentrated  nitric  acid  boiled  with  the  salt, 
laces  nitrate  and  perchlorate  of  potash,  while  chlorine  and  oxygen 
I  evolved,  bat  no  chloric  oxide. 

■«KO,C10*  +  3NO»  =  3(KO,NO»)  +  KO,  CIO?  +  3C1  +  130. 

^ennr,  Ann,  37,  203;  also  J.  pr.  Clum.  23,  296.— Millon.)  For  the 
tioii  of  3  parts  of  chlorate  of  potash,  100  parts  of  nitric  acid  of 
r-.ivity  I '327  aro  required.  The  decomposition  is  greatly  ac- 
ilcratod  by  the  presence  of  spongy  phiiiuum  (which,  however,  is  not 
nif  actol  uj)on),  jirobably  because  it  promotes  a  more  rapid  evaporation 
the  water,  and  thereby  concentrates  the  acid.  Dilute  nitric  acid  does 
>t  art  on  chlorate  of  i>ota«h  even  when  boiled,  neither  docs  the  conceu- 
od  acid — when  free  from  hyponitric  acid — in  the  cold;  but  if  a  small 
ntitv  of  hyponitric  acid  is  present,  the  nitric  acid  on  being  mixed  with 
kcsalt'acquiresa  yellow  colour  by  taking  up  peroxide  of  chlorine,  and  may 
time  explosion  if  distilled.  Fuming  nitric  acid  chargcil  with  hyponitric 
ejd  likewise  produces — though  very  slowly  at  ordinary  temi)eraturP8 
"  Brie  oxide,  nitre,  and  perchlorate  of  potash.  A  s>dution  of  chlornte 
tAi  ill  nitric  acid  rapidly  oxidizes  many  substanco,  ns  sulphur,  and 
Dm  without  frothing.  {}\i\\oxi,J.Phann.  29,  184;  fi^/.  II.,  305,  oOC.) 
Hulphuric  acid  does  not  deconijiose  an  aqueous  solution  of  chlorate 
.h. 

oral"  "f  iiofaah  dissolves  in  water,  producing  a  somewhat  oon- 

"  cold.      One  part  dissolves  at   0°  in  30",  at   l.>°  in 

at  49"  iu  5'20,  at  104°  iu  1U7  parts  of  water  (Ciay- 


62 


POTASSIUM. 


Liwsac);  an  J  at  16'  in  120  parts  of  alcoboL,  containing  83  per  ccntJ 
(Wittstcin.)  ] 

Alixtiiro  for  Lwiftr  MatcJia,  to  bo  inflamed  by  oil  of  vitriol:  60  P*rt4 
of  I'blorate  of  potiisli,  14  parts  of  tiiilpbur,  14  parts  of  gam-benzoiu,  a 
emiill  (juivntityof  gnni-tragacuntb,  and  ciunaW;  or  :  30  parts  of  cbloraia 
of  potash,  10  parts  of  sulpbur,  8  parta  of  sugar,  5  parts  of  guni-iirabic.  an<B 
a  littlo  cinnabar;  the  snlphur  must  be  wetted,  or  great  danger  will  b«  iM 
onrrfd  in  tbe  tnixinj:  (a  fatal  explosion  of  tbis  mixturo  is  mentioned  )■ 
Kepcrt.  3,  1 19).  Mixturo  for  Ptrai*sion-i>ounUf  l^Zi'nulpulver)  for  gunsS 
54  parts  of  dilorate  of  potat;b,  21  parta  of  nitre,  18  parta  of  (rulpbuil 
7  purls  of  lycopodium;  or  1 00  parts  of  cbloratc  of  jiota^b,  55  parte  of  nitrflj 
33part«ofBulpbar,  17  j>art8  of  sifted  toucb-wood,  and  17  jjarts  lycopodiunJ 
or  20  parts  of  cbase-j>owder  [Juffiljiu/rer)  freed  from  nitre  by  meana  ol 
water,  and  tbeu  mixed  with  11  parts  of  cbloriitc  of  potash  and  wat«r  td 
tbo  cousiatenco  of  a  thin  pasto.  Gunpowder  prepared  with  cblorat*  ol 
potash,  charcoal,  and  Biil]diiir,  acta  too  violently  and  inflames  too  easii/J 
(  Vid.  Aubert,  Pelissier  &  Gay-Lu&'Mc,  Ann.  Chim.  Fhyt.  4,  216.)  I 

F.  Perch  LOR  ATE  op  PoTAsn. — Produced  from  the  chlorate  by  elool 
trolysis;  by  partial  decomjioijitiou  by  heat,  and  by  comiilete  dcromftosiJ 
tion  with  fiulphuric  or  nitric  acid, — 1.  A  solution  of  chlorate  of  pot4uii 
is  introduced  into  the  voltaic  circuit;  percblorate  crystallines  out  at  thfl 
positive  pole.  (Stadion.) — 2.  Chlorate  of  potash  is  gently  healed  in  ■ 
porcelain  crucible  till  the  melted  mass  ceases  to  evolve  oxygen  at  tb^ 
same  temperature,  and  becomes  tbickish,  and  a  portion  talccn  out  on  ■ 
platinum-wire  and  powdered,  communicates  but  a  very  slij,'bt  yelloil 
colour  to  concentrated  hydrochloric  acid, — a  proof  that  nearly  all  the  cblol 
rate  is  decomposed.  Tbe  cooled  mass  dissolved  in  hot  water,  dcpoKitfl 
after  a  while  the  greater  part  of  the  percblorate  of  potash,  which  must  b« 
pnrilied  by  re-crystallization;  the  chloride  of  potassium  and  undecomposca 
cblonito  remain  in  solution.  If  the  heat  bo  continued  till  the  ]K)wdcroa 
test  no  lon;;rcr  colours  concentrated  hydrochloric  acid  at  all,  and  is  cool 
aequcntly  quite  free  from  chlorate,  tbe  percblorate  of  potash  may  likewiaa 
be  decHjmposed.  (Serullas,  ..l/in.  Chim.  J'hi/c.  46,  325;  also  Poijij.  22,  301.I 
IT  Millon  {Ann.  Pliarm.  40,  oI5) asserts  that  by  this  method  between 5fl 
and  53  per  cent,  of  percblorate  may  be  obtained,  the  theoretical  quantity 
prodacLHj  being  56  per  cent.,  on  tbo  supposition  that  2  atoms  of  chloratd 
of  {Kjlash  aro  resolved  into  1  atom  of  percblorate  and  1  atom  ol 
chlorite.  (2K0,  CIO')  =  KO,  CIO'  -I-  KO,  CIO',  t.— 3.  To  2  part*  of  oiP 
of  vitriol  contained  in  a  disb,  I  part  of  pounded  chlorate  of  potash  is  added 
by  degrees,  and  tbe  yellow  paste  gently  heated  for  24  hours  in  a  water- 
bath,  till  it  has  lost  both  its  colour  and  the  smell  of  cbloric  oxide, 
when  cool,  it  is  diluted  with  cold  water;  the  perehlorate,  amounting 
1^  parts  (or  28  jior  ceut.)  of  tbo  chlorate  of  potash  employed,  is  tbei 
collected  on  a  filter,  and  purified  from  bisulphale  of  potash  by  repea 
crystallization.  (Stadion.)  Mitscbcrlicli  {J'oijg,  25,  29H)  gradually  a<l 
1  part  of  chlorate  of  potash  to  1  part  of  warm  oil  of  vitriol.  Penny  re-' 
commends  that  the  oldoriite  be  heateil  with  concentrated  nitric  acid;  (III. 
60),  by  which,  however,  4  atoms  of  chlorate  can  be  made  to  yield  only 
1  at/nn  of  perchlonite  of  potash. 

Tranepareut,  colourless,  ri(;bt  rhombic  prisms  Fi().  53  and  54,  tbe 
last  also  with  the  P-jiurfiice;  u  :  «'  =  103°  55V;  i  :  «'  (in  Fi>i.  54)  = 
101'  l!»i'.  The  primus  arc  eomelimcs  elongated  in  the  d 
u-aurfaco,  someliueo  in  that  of  tbo  t'-surfacc.     Tbey  cttBiAi-"        -         '  ^Ij 
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l<}i»atity  of  iDL'cbiuiically  combined  water.  (MiUclierlicb.)  The  Ball  is 
V  Dcutml,  auJ  has  a  slight  taste  like  that  of  chloride  of  potassium. 
..  Otlb.  o2,  213.) 

L  Calnnlation,  Stsilion. 

I  KO - 47-2    3405     34-31 

I  CIO?    91'4     65-95     6569  ^ 

I  KCCIC    138-6    100-00    100-00.  " 

L Perclilorate  of  potash  is  decomposed  at  a  heat  somewhat  above  400°, 

feHBding  oxvgen  jras  and  chloride  of  potassium.  The  oxygen  amounts,  ac- 
^^in^'  to  Mit^cherlich,  tu  43-83;  Stiulion,  45-92;  Marignac,  40-187;  and 
fScTulla*,  46'21  percent.  Detonates  slightly  on  glowing  charcoal.  Heated 
[with  oil  of  vitriol  to  137°,  it  evolves  perchloric  acid.  iJitssolves  in  65 
I  parte  of  water  nt  l.i ',  and  in  a  smaller  qu.antity  of  hot  water  ;  quite  inso- 
luble in  alcohol.  (Serullas,  .4nH.  C/iim.  PJiyg.  46,  297,  also  Poj/f/,  22.  292.) 
[  Pcrrhloric  acid  precipitates  pcrcblorate  of  potash  not  only  from  solutions 
[of  the  itoluble  potash-salts,  but  from  those  also  of  potash-alum  and  cream 
I  of  l&rtnr.  (Soriillos.)  (Hence  the  percblorato  must  require  for  solution 
[  more  tbiui  6^  parts  of  cold  water.) 

I        P.     SnLriiATE  OP  CuLonrDE  op  Potassium. — Powdered  chloride  of 

[potA»iiuiii  plncod  in  a  vessel   surrounded  with  ice  absorbs  the  vapours  of 

»nhydri)us  sulphuric  acid,  without  any  ovolutiou   of  gas,  forniiua;  a  hard 

t^Ia^lHC^•Ilt  muss,  which  evolves  hydrochloric  acid   gas  with   violence  on 

Ihi-  addition  of  water;  when  heated  alone,  it  fuses,  evolves  chlorine   and 

[  sulphurous  acid  gas  in  equal  measures,  and  is  converted  into  sulphate  of 

[po(«sk  nlmust  free  from  chlorine,  (li.  Rose,  Foffff.  28,  120.) 

I  G.  CriLOttiDE  OP  Iodine  and  Potassium.  Chloroiodile  de  podutium. 
I  This  compound  is  formed, — 1,  By  mixing  an  aqueous  solution  of  terchlo- 
I  ride  of  iodine  with  chloride  of  pot.-Lssiuni — or  else  with  hydrochloric  ncid 
I  and  then  with  potash  or  carbonate  of  potash — in  such  quantity  that  the 
[  liquid  may  still  rt-niain  acid. — 2.  By  adding  iodine  to  an  aqueous  stdulion 
I  of  chloride  of  potuasium,  and  passing  chlorine  gas  through  it. — 3.  By  satu- 
I  ntiog  a  strong  solution  of  iodide  of  potassium  with  chlorine  gas. 

'  KI  +  4C1  =  KCl,  1C1> 

—4.  By  the  decomposition  of  iodato  of  potash  by  concentrated  bydro- 
\  dilorie  acid : 
I  KO,  IQi'  +  6HC1  =  KCl.  ICP  +  2a  +  6H0. 

1—5.  Br  dissolving  iodide  of  potassium  and  chlorate  of  potash  in  hot 
I  liyilrocnlorio  acid : 

I  3KI  i-  -itKCClO*)  +  12Ha  =  3(KC1,1C1»)  +  2KCI  -f  12HO. 

I  With  too  large  an  excess  of  hydrochloric  acid,  the  compound  does  not 
I  erjstallize  out  on  cooling.  —  C.  By  dissolving  iodine  and  chlorate  of 
I  |iota*b   in  slightly  warnx.'d  hydrochloric  acid : 

f  KO.  ao»  +  I  +  6HC1  =  KCl,  ICl»  +  3C1  +  6HO. 

I  — 7  -ing  chlorine  through  solution  of  potash  in  which  so  mnoli 

I  iiii:  lined,  that  no  free  chloride  of  potat^ium  is  formed.     (lu  this 

I  |irocL--:,  L-lilorato  of  jiotiish  is  pndiably  forun-d  at  the  same  time,  or  else 
I  ilio  r«imfii>und  of  rliliiridp  of  potassium   with   biuiudate   of  potash.)     All 

lis  of  the  compound  on  cooling. — I,  A  warm 
.  .-siuiu  is  mixed  with  terchluridc  of  iodine  dls- 
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•olved  io  water. — 2.  One  part  of  io<Iate  of  potash  'f  diasolrol  in  a  ilask  \ 
(  '  .,  cbloridc  of  kwlinL'  miiy  be  lost  liy  evr^ratiuii),  in  8  parts  of 
1  \c-  w'u\  of  22'  Bni.,  at  a  temperature  lirtween  40'  anJ  jO°,  and 

»t  1  'I'lti'iii  i8coinplete,the  li«|irnl  ialoftiilowly  to  cool. — 3.  TliroagUJ 

u  ..  >:   i     .!.,:.  ill  of  ooe  jiart  of  ioJiJo  of  putas^iuiii  iu  2  parts  of  water,  to  j 
wbiiili  a  few  drops  of  hydrucLloric  acid  liaro  been  added,  cbloriue  g3£  is 
paaacd  to  aaturation.     On  cooling,  the  liquid  solidities  in  cou&eouence  of 
lliu  foniiation  of  crystals.     If  tbo  solution  were  used  cold,  tbe  tube  n-faich|' 
couductA  the  chlorine  would  bo  choked  uji  by  the  crystals:  if  the  iodiJ 
containa  free  |>ota£b  or  carbonate  of  potash,  a  compound  of  chlurido  of 
|K>taiieiiiin  with  the  biniodatc  of  potash  of  Sorulloa  (vid.  seq.)  may  also  ba1 
precipi tilted.     The  mother-liquid  is  quickly  poured  off  and  the  ctystaJa 
proiluced  immediately  drie<I  between  folds  of  blotting-paper  and  put  into  J 
well  atojipod  bottles.     By  reinainiug  in  the  mother-liquor,  they  would  bej 
changed  into  crystals  of  iodato  of  potash. 

Long,  golden-yellow,  brilliant  prisiii.s,  apparently  of  the  oblique  rhom-j 
Lie  form.  This  compound  smells  intolerably  of  chloride  of  iodine,  Los  a  j 
caustic  taste,  and  corrodes  the  skin  almost  as  powerfully  as  free  chloride] 
of  io<linv. 


KCI» 

ICl ... 


Calculation,  according  to  FUhol. 

...    74-6    24-31  K 392  12-7B1 

....  232-2    7i-6<J        or:        I  1260  41-071 

4Cl  141-6  4C-15 


KCblCf    306-8     10000 


306-8     10000 


Tlie  crystals  arc  anhydrous.  When  heated,  the  compound  leaves 
24-22  per  cent,  of  ililoriclo  of  potassium;  the  first  portions  of  the  terchlo- 
ride  of  iodine  osc:i]ie  undeconiposed;  the  lust  are  resolved  into  chlorine, 
protochloride  of  iodine,  and  free  iodine.  If  the  salt  is  not  dry,  but  still 
retains  sumo  of  the  uiuthcr-liquor  charged  with  hydrochloric  acid,  the 
chloride  of  iodine  is  more  strongly  retained,  and  is  evolved  uiilv  in  the 
form  of  (fhlorine,  protochloride  of  iodine,  and  fice  iodine.  The  compound  is 
very  soluble  in  water,  and  in  solution,  is  rapidly  converted  into  chloride  of 
potassium  and  iodutoof  ]>ota.^li.  (Other  products  must  however  be  formed 
at  the  same  time.)  This  salt  when  exposed  to  the  air  quickly  diminishes 
in  weight,  loses  its  fine  yellnw  tint,  and  becomes  opaque  in  24  hours. 
Alkalis  precipitate  iodine  from  its  -acjucons  solution;  chloride  of  barium 
])rodnces  a  clou<l  in  a  icvr  seconds,  and  precipitates  iodato  of  baryta; 
nitrate  of  silver,  when  concentrated  :uid  tu[)ersaturaled  with  nitric  acid, 
throws  down  chloride  and  iodidi?  of  silver  from  the  solution;  when  dilute 
it  also  proclpitjites  iodate  of  silver.  Ether  separates  t!ie  chloride  of  iodine 
from  the  crystals,  and  thereby  deprives  them  of  their  smell  and  colour. 
(Filhol,  J.  riiai-m.  25,  433  and  JOU.) 


PoTASSir.M    AND    FlUORINE. 

A.  Fluoride  of  Pota.ssium.  When  hydrofluoric  acid  comes  in  con- 
tact with  potassium,  fluoride  of  potassium  is  formed,  and  hydrogen  gas 
Solved,  the  action  being  attended  with  great  rise  of  temperature.  PoL-js- 
sinm  decomposes  fluoride  of  boroii,  (luoride  of  siliciuiii,  and  other  mctallio 
fluorides.  A  solution  of  hyilnilluorie  acid  is  mi.\ed  in  a  silver  or  platinum 
vessel,  with  caustic  potiwh  or  carbonate  of  potash  (Gay-I-ussac  &  Thenard, 
litcherch.  2,  18),  iu  such  quantity  that  the  acid  slightly  j>rodominates,— 
tbe  liquid  evaporated,  uud  the  residue  heated  strongly  to  expel  the  excess 
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of  acid.  (Beraelios.) — Fluoride  of  potaesium  crystallizes  from  an  aCjueouA 
i^ulation,  if  evaporated  under  -(-  40°,  iu  colourless  cubes  often  lengtlieueil 
into  a  prismatic  form,  or  else  exhibiting  square,  pyramidally  excavatoil 
fiicos.  Fuses  below  a  red  heat;  has  a  sharp  saline  taste  and  alkaline 
reaction.  When  treated  with  oil  of  vitriol,  even  at  ordinary  temperatures, 
it  evolves  hydrofluoric  acid  with  violent  eflervesccnce.  Decomposed  bj 
cblorine. — Deliquesces  rapidly  in  the  air.  (Berzelius,  Pogg.  1,  10.) 

Fluoride  of  pota.ssiuni  dissolves  in  water,  causing  a  rise  of  tempera- 
tare.  The  solution  dims  glass.  It  contains  cither  fluoride  of  potassium, 
or  bydrotluate  of  potash,  or  double  fluoride  of  hydrogen  and  potassium, 
(bihydrufluato  of  potash)  together  with  free  potash,  as  its  alkaline 
reaction  indicates.  (  Yid.  H.  Rose,  Pogg.  55,  537.)  If  the  aqueous  solu- 
tion is  evaporated  by  a  gentle  heat  in  a  platinum  dish  till  crystals  fom» 
at  the  bottom,  and  then  poured  ofl'  from  these,  it  solidifies,  on  cooling, 
to  a  niafs  of  long,  thread-like,  radiating  crystals.  It  is  precipitated  in  a 
ftimilar  manner  from  a  concentrated  aqueous  solution  by  strong  alcohol. 
These  crystals  contain  39'44  jjer  cent,  of  water.  (H.  Rose,  Pogg.  55,  554.) 
They  are  either  fluoride  of  pota.gsium  with  4  atoms  of  water,  or  hydrated 
bydrofluato  of  potash  with  3  atoms  of  water. 

Fluoride  of  potstssium  fused  with  silica  forms  a  mass  which  is  vitreous 
Mobile  fused  and  becomes  milk-wiiito  as  it  coob;  it  is  insoluble  in  alcohul. 
(Bt-rzolius.) 

Cilculation.  lijdratcd  iTjrstsls. 

K 39-2    67-70  KF 579    61-66 

F 18-7     32-30  4H0 360     38-31 


KF 


47-9    10000 


KF,4UO 93-9 


10000 


B.  Fluoride  of  Hydrogi^n  and  Potassium. — Hydrofluoric  acid  is 
mixed  with  fluoride  of  potassium  or  with  a  quantity  of  potash  not  suffi- 
cient to  neutralize  it,  and  the  liquid  evaporated  in  a  platinum  dish.  By 
cpontaneous  evaporation,  it  cryslallizefl  in  rectangular  four-sided  tables 
with  truncated  lateral  edges  ;  in  a  deeper  vessel  and  by  still  slower  eva- 
IMratiou,  iu  cubes ;  if  rapidly  evaporated,  it  forms  a  solid  transparent 
nia.<s,  consisting  of  broad  crystalline  plates  which  cross  each  other.  Fuses 
when  heated,  and  at  the  temperature  of  incipient  redness,  is  converted, 
with  cvolntion  of  hy<lrofluoric  acid,  into  fluoride  of  potassium  amounting 
to  74-J)  per  cent.  Heated  with  6  times  its  weight  of  protoxide  of  lead,  it 
yields  11-6  per  cent,  of  water.  Dissolves  easily  in  pure  water,  forming 
u  Milution  of  fluoride  of  hydrogen  and  potassium  or  of  bihydrofluato  of 
jioiaub;  ditficultly  soluble  in  water  containing  free  hydrofluoric  acid. 
^Berzelius.) 

CalcuUtion.  Bencliaf, 

KF. 57-9    74-61     74-9 

HF 19-7     25-39     251 


KF.HF 77-6 


100-00    100-0 


C.  Fluoboridr  op  Potassium. — 1.   On   mixing  tetraliydrofluate  of 
1)1  ricic  acid  with  any  salt  of  potash  dissolved  in  water,  a  gelatinous  prc- 

'•■  falls,  which  resembles  a  newly  formed  precipitate  of  fluoride  of  "^ 

and  potasi^iuni.  even  in  the  play  of  colours  which  it  exhibits  when 

fxcess  of  acid  \*  present. — 2.   100-2  parts  (one  atom)  of  bicar- 

I'  pulai^h  dissolved  together  with  61-8  parts  (one  atom)  of  erys- 

■  id  acid  in  exce*-s  of  aqueous  solution  of  hydrofluoric  acid, 

A,  yields,  oven  to  the  last  truce,  nothing  but  fluuboride  of 

Tut.  IU.  V 
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potaBsiam.      This  therefore  is  the  proper  proportion;  if  more  bomcii  _ 
acid  is  used,  it  remains  in  the  mother-liquor.     The  mosa  obtained  hy  the 
first  process — when  colloctod  on  a  filter,  washed  with  cold  water,  aud 
pressed  while  etill  nioixt — feels  gritty  like  h:iir-powder.     When  dry,  i^ 
yields  a  fine  white  powder;  it  crystallizes  from  a  hot  aqueous  solutioo  il 
small,  shining,  anL^-druus  crystals,  which  appear  to  be  six-sided  pris 
with  dihedral  summits.  The  compound  has  a  feeble,  somewhat  bitter  tM 
not  al  all  acid,  and  does  not  redden  litmiuj  it  fiUM  at  a  temperature  ju 
below  redness. 


Calculation,  accoMing  to  fienclios. 

Or: 
KF.™ 

sr-o   ... 

....    4G-S? 

B  .... lO'S    B-es 

4F 74-8    69-94 

BF«   

6«-9    ... 

....     53-61 

KF.BP   124-8     100-00 

124-8     ... 

....  10000 

When  heated  nearly  to  redness,  it  boils  up  and  evolres  oaseoos  fluoride 
of  boron,  which,  if  the  compound  is  not  perfectly  anhydrous,  conde 
to  small  dro])s  of  hydroUuato  of  boracic  acid :  but  it  is  only  by  a  stroB 
heut  long  continued,  that  the  compound  can  be  entirely  resolred  int 
volatile  fluoride  of  boron  and  solid  fluoride  of  potassium.  If  th 
Jccuiiipusition  is  incomplete,  tlio  remaining  fluoboride  of  potassium  '\» 
left  behind  on  disaulving  the  fluoride  of  potassium  in  water.  Oil  of 
vitriol  decoroi>oscs  this  substance  slowly,  and  only  by  the  aid  of  heat: 
at  first,  gaseous  fluoride  of  boron  escapes;  then  aqueous  hydrofluuto 
boracic  acid  aud  hydrofluoric  acid,  leaving  a  quantity  of  sulphate  of  pot 
equivalent  to  37'417  per  cent,  of  potash.  The  compound  is  not  decoii 
posed  by  any  base,  sucn  as  :unmoiiin,  potash,  or  soda;  nor  even  by  heatin 
with  sal-ammoniac, — though,  wheu  it  contains  fluoride  of  silicium  and  pota 
slum,  hydrofluosilicate  of  ammonia  is  evolved. — One  jiart  of  the  doubll 
fluoride  of  boron  and  potassium  dissolves  in  70*4  p.irta  of  cold,  and  in 
■omewhat  smaller  quantity  of  hot  water.  Solutions  of  ammonia,  can 
potash  and  soda,  and  their  carbonates,  do  not  dissolve  it  more  reodih 
than  water,  and  suQer  it  to  crystalliie  out  unchanged  on  cooling, 
fluoride  of  silicium  and  potassium  is  present,  ammonia  decomposes  it,  i 
the  purer  compound  crystalliEes  out.  Fluoboride  of  potassium  is  slightly 
soluble  also  in  boiling  alcohol,  and  crystallixes  out  again  as  it  cools 
(BeMelius,  Foffff.  2,  118.) 


POTJLBSIUU   AND  NiTROGEN. 

A.  Nitride  op  Potassium. — Formed  by  heating  amide  of  potassium  to 
redness  in  a  close  vessel. — Greenish-black,  infusible.  (Gay-Lussac  & 
Thenard).  After  more  powerful  heating,  it  is  black,  with  somewhat  less 
lustre  than  black -load;  opaque,  very  brittle,  grey  when  powdered;  does 
not  molt  at  a  red  heat;  conducts  electricity.  (H.  Davy.) — Separates  a(~ 
a  very  high  temperature  into  potassium  and  nitrogen  gas;  generalW 
lakes^  fire  spontaneously  in  the  air,  and  burns  with  a  dark  red  flame] 
evolving  nitrogen  gas  if  burnt  in  oxygen  or  heated  with  red  oxide 
mercury.  Effervesces  violently  with  water,  and  yields  potash  and  omn 
nia,  with  a  trace  of  hydrogen. 

K»N  -(■  3HO  =  3K0  +  NH'. 
Unites  with  phosjihoms  or  sulphur  when  heated,  forming  a  highly  iufla 
toablo  mixture,  which,  wheu  it  comos  in  contact  with  water,  evolve 
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pbospliiiretlod  hjrdrogon  or  tiulpburetted  hydrogen  gu,  oa  well  as  ammo- 
ma.  (H.  Dary.) 

Cftlcuktloa. 

3K U7-6    89-36 

N    UO    10-64 


K»N 


131-0     100-00 


B.  Amide  op  Potassicm.  Olive-coloured  compound  of  PoUuiium, 
covered  by  Oay-Liisau  &  Thenard. — Potassium  gently  heated  in 
"  loniacal  gas,  fu^e  with  considerable  effervescence,  ussiuuiug  a  bine, 
»,  aud  ultimately  an  olive-green  colour.  The  bent  must  then  bo 
uuuiediately  withdrawn.  Potassium  which  separates  one  measure  of  hy- 
drogen gas  from  water,  causes  the  disapiiearancc  of  nearly  2  measures  of 
oiumouiacal  gas — les«,  however,  at  a  hijLjuer  than  at  a  lower  temperature 
»lways  setting  one  measure  of  hydrogen  free.  (Gay-Lussac&  Thenard.) 
■  omipound  is  an  imperfectly  crystallized  greenish  brown  moss,  without 
"lie  lustre  (tiay-Lussac  A-  Theuard),  exhibiting  a  brown  colour  by 
mitted  light,  but  only  wheu  in  extremely  thin  scales;  sinks  down 
:ly  iu  oil  of  saasafnis;  fuses  a  little  above  100°;  does  not  conduct 
icily.  (H.  DaTy.) 

Colcolalion. 

K    „ 39-2     

2H 2-0    

N 14-0     


K.Ad _....       55-2 


71-02 

3-62 

25-36 

100-00 


fions. — 1.  Amide  of  potassium  effervesces  at  a  tempcmturo 

■.  evolving  scarcely  anything  but  amraouiacal  gas,  and  reuiain- 

;gTc<^.   When  heated  to  dull  redness,  it  evolves  decomposed  ammoniacal 

, ».  r.  hydrogen  aud  nitrogen  gases,  in   the  proportion,  by  volume,  of 

1,  together  witli  undcconiposed  ammoniacal  gas,  the  quantity  of  which 

'iiuuly  increases;  it  then  becomes  greenish  black  and  infusible  (nitride 

'  lox).    The  whole  of  the  gas  evolved,  considered  as  amiuonincal 

«s.e«  Dot  4iuit«  amount  to  I  of  the  quantity  absorbed  in  tho  formo- 

of  iha  amide  of  potassium.  (Gay-Lussac  &  Th£u-jrd.) 

3(K,NH')  =  K»N  +  2NU\ 

.  Heated  with  easily  fused  metals,  it  evolves  nitrogen  and  ammonincal 

ipkii.  Mitb  but  little   hyilroi/en  ;  and   there  remains  an  alloy  of  jiotussium 

wi'.h   :i   (lortion  of    tlio   black    substance  (nitride   of  potassium).  (Gay- 

Thenard.) — 3.  Fuscil   in   oxygen  gas,  it  burns  with  brilliant 

if  sparks,  evidving  nitrogen  and  pas.«ing  to  tho  stAto  of  liydrHto 

At  a  red  heat,  it  al.oo  burns  rapidly  in  the  air.  (Gay-I.nssoc 

id,  H.  Davy). — ^.  With  water  it  forms  hydrate  of  potiLsh,  biv 

li'-atod  and  often  inflamed,  and  evolves — if  an  excess  of  water 

I— <;xttolly  the  quantity  of  ammoniacul   ga-s  previously  decom- 

ihc  potassium ;  no  hydrogen  is  evolved  uuleas  free  potassium  is 

I         ni.     In  ihf  iiir,  it  likewise  separates  into  ammonia  and  hydrato  uf 

f"  lx«h.      Hvdrali-'d  acids  and   nlooliol   act  like  water.     Rock-oil  does  not 

.  -Lussac  &  Theuard,  Jicc/terch.  1,  307;  H.  Davy,  rhil. 

..d  450.) 

'".  NfTHiTK  of  PnTA«n. — 1.  NitTO  is  kept  at  a  red  heat  for  a  long 

!    in  Ixiiling  water,  and  thu  nndcconijiosed  nitruto 
uillifo  out  lint.      The  Mothcr-liqiinr,   ou  further 

V  1 
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evaporation  and  cooling  (or  bj  being  noatralixed  yrith  acetic  acid  ani 
mixed  with  twice  its  volume  of  alcohol  of  90  per  cent.  FiifJiff,  Pf>09 
77,  115),  deposits  crystals  of  the  nitrite.    Deiman  {iidter.  J.  7,  27r' 
supposcil  that  a  compound  of  nitric  oxide  and  potash  tnnjst  exist  in  tL 
niothcr-liqaor,  because  the  irregularly  crystallized  raa^ii  of  salt  obtains 
on  evaporating  that  liquid,  evolved  nitric  oxide  gas  when  mixed  wit 
acids;  this  reaction  may,  however,  just  as  well  proceed  from  nitrite 
potash.     For  the  same  reason,  Hess  {Pogg.  12,  257)  considered  nitrit 
of  potash  as  a  compound  of  nitric  oxido  and  potash.   (See,  however,  II., 
382.) — 2.  Vapour  of  hypfmitric  acid  evolved  by  heating  fuming  nitric 
acid,   or  the   vapour  produced  by  heating   starch   with   nitric  acid, 
passed  into  solution  of  potash.      By  this  process,  nitrate  of  potash 
forme<l  at   the  same  time.    (Fritzsche,  Pogg.   39,  134.) — 3.  Nitrite 
lead  is  precipitated  by  carbonate  of  potash  (Berzclius),  or  nitrite  of  eilve 
by  chloride  of  jwtassiura.  (II.  381.) — White  crystalline  deliquescent  salj 
without  alkaline  reaction. 

D,  NiTRATB  OP  Potash. — Saltpetre,  Pritmalic  Saltpetre,  Nitre,  Pi 
cuih-niire,  Nitrum. — This  salt  is  found  in  many  places  on  the  earth*( 
surface  where  organic  matter  has  been  decomposed,  especially  in  h 
climates,  as  in  India,  South  America,  and  Spain. — (For  the  mode  of  i 
formation,  vid.  11.388.)  Hydrate  of  potash  emits  light  when  sprink' 
with  nitric  acid  in  the  dark.  (Heiurich.) 

Preparation. — 1.  The  earth  of  certain  regions  in  the  East  Indie 
rich  in  nitre,  is  exhausted  with  water,  and  the  solution  evaporated  to  the 
crystallizing  point. — 2.  Azotized  organic  substances  both  of  the  vcgetabi' 
and  animal  kingdom,  after  they  liave  begun  to  putrefy  by  cxposn 
to  the  air  in  a  dark  place, — are  mixed  with  substances  containing  potasi 
lime,  or  magnesia,  in  the  state  of  carbonates — heaped  together  in  rid^ 
(tallpHre-walU)  or  low  pyramids  {saltpetre-mound*)-— moieOincil  with  draii 
inM  from  dung-heaps,  urine,  &c.,  and  exposed  to  the  air.  By  exhaustin, 
this  mltpelre-earth  with  water,  after  the  Ia]>se  of  months  or  years,  the  cro  ' 
saltpetre-ley  is  obtained,  contiiining — besides  nitrate  of"  potash — thcnitral 
of  lime  and  magnesia,  chloride  of  potassium,  chloride  of  sodium,  ant 
organic  matter,  ic.  From  tliis,  after  &uffioient  evaporation,  the  greati 
part  of  the  lime  and  magnesia  is  precipitated  by  carbonate  of  potasi 
(Sulphate  of  potash  may  likewise  be  used  to  throw  down  the  lime.)  Thi 
decanted  liquid  is  evaporatoil  to  a  considerable  extent,  whereupon  thi 
greater  part  of  the  chlorides  of  potassium  and  sodium  crystallizes  out  »u 
is  separated  mechanically.  The  concentrated  liquid  vi^lJ^'  ''u  cooling  in 
the  crystallizing  vessels,  raw  nitre  or  saltpetre,  which,  by  repeated  eola- 
tion in  hot  water  and  recrystallization,  is  converted  into  purified  uitre. 
This  is  further  purified,  on  the  small  scale,  by  several  recrystullizations. 
Even  purified  nitre  still  contains  chlorides.  From  these  it  may  be  free 
by  recrystallization,  according  to  the  method  already  described;  (I.,  IS 
or,  according  to  Grote  {N.  Br.  Arch.  15,  192),  by  pounding  the  niti 
moistening  it  with  y^  its  weight  of  nitric  acid  and  a  small  quantity 
water  in  a  j)orcelain  dish,  stirring  all  the  while — evaporating  the  liquid 
to  perfect  dryness — and  repeating  the  process  with  a  smaller  quantity 
acid,  if  the  salt  still  contains  chlorine. — Or,  by  precipitation  with  uitrai 
of  silver  or  subiiitrate  of  mercury,  filtering,  and  then  decomj>osing  tbi 
excess  of  metallic  salt  by  suljihuretted  hydrogen. 

Nitre  is  dimorphous  J  a.  Its  ordinary  form  belongs  to  the  right  pris- 
matic system,  (^''i^.  54,  55,  5G,  oad  other  forms)  ^  u  i  u  backwards  =s 


I 

id 
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IID";  «  :  u'  =  CI';  ?/  or  u'  :  <  =  120^".  Sp.  gr,  =  1-933.  (Mattaon), 
2-05S  (Kopp),  2-1006  (Karsten.)  Large  crystals  crack  ■with  tho  warmth 
of  tho  hand.— i.  More  rarely,  nitre  crystallizes  in  the  obtuse  flattened 
rhoinbohedroD8  of  nitrate  of  soda.  {Fir;.  141),  (I.,  101.) — Both  kinds  of 
crystals  are  anhydrous. — Nitre  fuses  below  a  red  heat,  without  loss,  and 
contracts  on  cooling  to  a  white,  opaque,  fibrous  nmss,  Nitrum  tahulatum. 
Mistered  CiystaL — Melted  in  a  thin  layer  on  glass,  it  solidifies,  on  cooling, 
in  transparent  masses,  consisting:;  of  but  few  individual  crystals,  which,  by 
exsininntion  with  the  microscope,  are  observed,  when  touched  by  a  needle 
(or  after  a  few  minutes,  even  of  themselves)  to  undergo  a  change,  com- 
mencing from  tho  point  of  contact  and  extending  through  tho  whole  mass. 
(Talbot,  Phil.  Mag.  An.  12,  145.)  [Probably  a  transition  from  the  rhom- 
iKibedral  to  the  right  prismatic  system.] — Permanent  in  the  air — Taste, 
sharp,  bitter,  and  cooling. 

Calculation.  Thomaon.       WoIUuton.     Longchimp.     WeoieL 

K0..„ 47-2    ....     46-64     ....     45-66    ....    46-668    ....    46-703     ....      46 

WO*   54-0    ....     53-36    ....     54-."J4     ....     53332    ....     63-297     ....       52 

KO.NO*   „..  101-2    ....  100-00    ....  lOO'OO    ....  100-000    ....  100-000    ..„     100 

B^rard.       Carandaa.     Brrllinllet.     Dalton.     Thenard.     Richter.   Laugicr. 

KO „  48-64     ....     49-76     ....    501     ....     52-5    ....     53     ....     53-4     ....     62 

NO*   51-36     ....     50-24     ....     49-9     ....     47-5     ....     47     ....     46-6     ....     38 

10000    ....  100-00    ....  100-0     ....  100-0    ....   100     ....  1000     ....  100 

At  a  red  heat,  it  evolves  oxygen  gas,  at  first  tolerably  pure,  but 
afiervards  contaminated  with  a  constantly  increasing  quantity  of  nitrogen, 
Mid  \*  thereby  converted  first  into  nitrite,  and  then  into  pure  potash  and 
peroxide  of  potassium.  Vessels  of  earthenware  and  glass,  when  used  for 
this  process,  arc  corroded,  in  consequence  of  the  potash  dissolving  out  silica; 
and  most  metallic  vessels  become  oxidized,  tho  oxide  proiluced  uniting 
with  the  potanh;  silver  and  gold  resist  l>ctter  than  platinum.  Nitre  deto- 
nates in  tl'i"  fire  with  charcoal  and  other  combustible  bodies,  as  sulphur, 
pli  ?with  the  latter  according  to  BrugnatcUi,  even  when  struck 

wi:  1  hammer),  iron  and  xinc;  it  even  oxidizes  silver,  gold,  and 

platinum.  (Yid.  II.,  400.) 

The  following  applications  of  nitre  depend  on  these  decompositions: 

1.  For  the  preparation  of  oxygen  gas. 

2.  Giinjtoteda-  (a  mixture  of  C  parts  of  nitre,  one  part  of  sulphur, 
anil  one  part  of  charcoal,  or  more  accurately,  of  101-2  parts  [ono  At.]  of 
nilrt",  16  parts  [ono  At.]  of  .sulphur,  and  18  parts  [3  At.]  of  charcoal),  is 
iIkoiii{K)«ciI  at  an  elevated  temperature,  with  vivid  combustion  and  explo- 
sion, into  nitrogen  and  carbonic  acid  ga.<!e8,  which  acquire  at  that  heat  a 
high  degree  of  elasticity — and  protosuljihide  of  potassium,  which  likewise 

txae*  the  form  of  vapour;  ^h 

KO.  NC  +  S  +  3C  =  KS  +  N  +  sec  ^ 

An  t)x<*i9  of  carbon  remains  mixed  with  the  sulphide  of  potissium, 
whifli,  if  iiir  is  present,  may  be  partially  burnt  and  converted  into  siJ- 
pfcal"  -'f  potash. 

'•  r  fif  Fiigion,  or  Baumc'.s  Quifl-Jliue.    A  mixture  of  3  parts  of 
pi'  .-t  of  Hiilphur,  and  one  part  of  eawdust,  which,  if  set  on  fire  in 

%  <  11  filled  with  it,  burns  with  so  much  heat,  that  a  small  silver 

o:        ,  lu  cxp()sc<l  to  it,  if  melted  in  a  moment. 


\ 
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4.  Detonatinff-powAer,  a  mixture  of  3  parts  of  nitre,  2  parts  of 
luh,  anil  ono  part  of  sulphur,  very  dry,  finely  mixed  and  slowly  1 
It  explodes  Mrith  a  very  loud  report,  and  often  fractures  very  strong  veeaela." 
The  detonation  occurs  according  to  M.  Meyer  {J.  pr.  Chtm.  2,  110)  at 
164"  (327 "2°  F.)  as  soon  as  all  the  sulphur  is  in  a  stato  of  fusion,  vitboif 
any  previous  escape  of  carbonic  acid  gas.     Meyer  supposes  that  the  actio 
depends  upon  the  sudden  evolution  of  nitrogen  and  carbonic  acid  ga 
while  sulphate  of  potash  is  formed ;  and  3  atomri  (3D3'6  ]iart£)  of  nit 
2  atoms  (08-4  parts)  of  carbonate  of  potaab,  and  5  atoms  (80  parta)  of  ( 
phur  are  concerned  in  it. 

3(K0,  N0»)  +  2(K0,  COO  +  5S  =  5(K0, 800  +  3N  +  aCO». 

5.  Lvdfer  Matchei:  9  parts  of  phosphorus,  14  parts  of  nitre,  16  ' 
of  finely  powdered  manganese  or  red  lead,  and  10  parts  of  gum-arabic;  fil 
a  description  of  the  process  vid.  Biitlger  {Anrt.  Pharm.  37,  113).  Othc 
mixtures  of  this  kind  contain  also  sulphur,  chlorate  of  potash,  nitnvte  ( 
lead,  peroxide  of  lead,  &o. 

Nitre  dissolves  in  water,  producing  groat  cold.  Ono  part  dissolves  i 
0^  in  13-32,  at  18"'  in  3-45,  at  45'  in  134,  and  at  9T  in  0424  jjarts  i 
water  (Gay-Lusaac) ;  it  dissolves  at  18°  in  3-4  parts  of  water,  forming  | 
liquid  of  specific  gravity  =  ri601  (Karsten)  ;  in  3-C2  parte  of  water  ( 
18°,  forming  a  liquid  of  specific  gravity  =  1'151  (Longchamp) ;  it  <li( 
solves  in  4  parts  of  water  at  16°,  in  \  part  of  boiling  water,  and  in  IC 
parts  of  alcohol.  (Riffault.)  The  presence  of  nitrate  of  lime  or  cnmmo'i 
salt  in  the  water  enables  it  to  dissolve  a  much  larger  quantity  of  nitre. 
(Lomerg,  Vauquelin,  Longchamp,  Ann.  Ghim.  Phi/t.  0,  5.) 

Powdered  nitre  absorbs  tlio  v.ipour  of  anhydrous  sulphuric  acid 
abundantly  at  ordinary  temperatures,  and  is  converted  iuto  a  greaay  nuja 
which  afterwards  h,-u-deng,  and,  if  heated  or  kept  for  some  time,  evoivea 
vapour  of  nitrous  acid.     (H.  Rose,  Po<f(j.  38,  122.) 

E.  BoRO-NiTRiDE  OP  Potassium? — A  mixture  of  7  part**  (2  At.) 
vitrefied  boracic  acid  aud  20  parts  (3  At.)  of  dry  cyanide  of  potassium  kej 
at  a  white  heat  for  an  hour  in  a  covered  charcoal  crucible,  yields  a  'wfail4 
porous,  brittle,  infusible  mass,  insoluble  in  water,  hydrated  acids,  or  alkj 
lis,  oven  when  boiled, — not  decomposed  at  a  red-heat,  either  by  chlorit 
gas,  or  by  potassium,  or  other  metals, — but  evolving  ammonia  in  abun 
dance  if  heated  in  contact  with  steam  or  hydrate  of  potash,  and  detonatii 
when  thrown  on  chlorate  or  nitrate  of  potash  in  a  state  of  fusion. 

SBC  +  3(K,  NCO  =  KWB=  +  6C0. 

(Bahnain,  Phil.  Mag.  J.  21,  270.) 


P.  StTLPHiTE  OP  NiTBic  OxiDB  ANU  PoTA8n. — 1.  An  aqucous  soln- 
tion  of  potash  completely  absorbs  a  mixture  of  2  measures  of  nitric  oxide 
and  one  measure  of  sulphurous  acid  gas. — 2.  Nitric  oxide  gas  is  pusai 
through  a  solution  of  sulphite  of  potash  mixed  with  potash  and  contain* 
in  a  Woulfe's  apparatus.— Colourless,  irregular,  six-sided  prisms,  similar 
those  of  nitre ;  inodorous,  bitter,  and  neutral.    Remains  unaltered  at  1 1 .5 
decomposed  at   130'^  into  nitric  oxide  gas  and  sulphite  of  potash.     AI 
acids,  even  the  weakest,   as  well  as  spongy  platinum,   oxide  of  silver, 
chloride  of  barium,  manganooa  sulphate,  oxido  of  copper  or  sine,  and 
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CHLORICE  OP  POTASSUJM  AND  SULPHATE  OP  POTASH. 


n 


•eetato  of  lead,  decompose  this  potash  salt, — thoogh  raoro  slowly  than 
iLo  corresponding  wit  of  ammonia — into  20  per  cent,  of  nitrous  oxide, 
aad  60  jier  coot,  of  sulphate  of  potash.  It  dissolves  very  roadily  in  water, 
and  is  decomposed  in  solution,  even  by  a  slight  elevation  of  temjierature; 
L  iiisolable  in  aJcohol.  (Pelouze,  Ann.  Chim.  l^hyi.  CO,  ICO.) 


KO  . 
NO". 
SO*  . 


Cryetallued. 

^1'^   43-23 

30-0     27<7 

380    eS'Sl 


KO,NO»,SO» 109-2 


100-00 


H  G.  PvBOPnosrnATB  op  Potash  and  Ammonia.— Prepared  by 
KltuTating  ai-id  pyrophosphate  of  potash  with  ammonia,  and  evaponitini' 
the  solution  over  a  mixture  of  burnt  lime  and  sal-ammoniac.  White  deli- 
qnesrcnt  salt.  Its  Kulution  has  an  alkaliuo  action,  and  evolves  ammonia 
wlipu  boiled— being  converted  into  aoid  phosphate  of  potuah.  Nitrate  of 
t'ilvpr  precipitates  it  white,  and  the  supernatant  liquid  is  acid  to  teat 
paper. 


2KO 
NH» 

veofi 

8HO 


C*Ioulation.  Sdiwanonberg. 

94-4     33-56  33-65 

17-0    604  e-61 

143*8     SO-80  &0-41 

27-0    9-60  9-33 


2K0.P0»  +  NH<0,H0,P0»  +  Aq.  281-a    10000    100-00 

(A.  Sehwarzenberg,  Ann.  Pharm.  65,  2.)  IT. 

H.  SuLruATE  OP  PoTA.sn  and  A.MM0NtA. — Scaly,  shining,  bitter 
«ry»ta)s,  unacted  on  by  the  air,  and  leaving  nontral  tulphato  of  potash 
when  ignited.  (Link,  CrcU.  Ann.  1796, 1,  29.) 

PoTABSnTM   AND  PoTAaSlirM. 


A.     BifirLPHATE  OP   Potash  wtth   BrNioDATE  of  Potash. — KO, 

S80»  +  KO,  210*— The  mother-liquor  of  biniodatc  of  j.otash   (III.,  .52) 

viilds  tills  compound,    on   further  evaporation,  in  tranqmrent   crystals 

v'>.\A,  rnntain  46-8  per  cent,  of  iodine,  and  when  heated  to  redness,  leave 

r  cent,  of  sulphate  of  potash,  evolving  oxygon  gas  and  vapour 

If  the  solution  in  water  is  left  to  evaporate  spontaneously, 

of  potash  ctystuUizos  out,  leaving  the  bisulpbate  in  the  mother- 

y^\>«i.  ^acrullaa,  Ann.  Chim.  Phyt.  43,  117.) 

Chloridk  op  Potassium  and  Cabbonatb  op  Potash  in  atomio 

nHion*  heat^id  over  tho  i^jiirit-lamp,  melt  to  a  clear  thin  liquid,  which, 

••'.  to  a  white,  scaly  mass,  and  if  heated  to  reducsa  v  it'i 

-  oarbonio  acid,  but  no  phosgene  gas.  (Diibercincr,  ^' ■■, .. 

I.  240.) 


Chloride  op  Potassium  and  Siii.phate  op  Potash  in  atomio 

jon»  fuse  Tory  easily  to  a  clear  liquid,  which  yields,  on  cooling,  a 

nooos,  ttonslucout — sometimes  fibrous,  somotimes  granular  moM. 

) 
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D.  CnLORiDK  OP  Potassium  wrra  Bintodate  of  Potarh. — 1.  An  , 
aqueous  solution  of  tercyori<le  of  iodine  is  mixeil,  not  quito  to  sataration,  I 
with  caustic  potash  or  carbonate  of  potash,  and  the  liquid  loft  to  erapo-  I 
rate  spontaneously.  (Scnillas.)     Probalily  thus: —  I 

KO  +  4IC1"  +  lOHO  =  KO.  210'  +  2IC1  +  lOHCT.  I 

Tho  addition  of  potash  to  chloride  of  iodine  causes  a  precipitation  of] 
iodine,  which,  however,  redissolves  immediately  as  long  as  the  liquid  rp- 1 
mains  acid;  if  it  be  left  in  this  condition,  the  pure  compound  cryst-allinwl 
out;  but  by  a  greater  concentration  of  the  solution,  it  becomes  mixed  with  J 
wore  or  less  of  the  double  chloride  of  iodine  and  potassium;  if  hydrochloric  j 
acid  is  added  to  the  solution,  crystals  of  this  compt>nnd  alone  are  prodaci-nL  | 
(Filhol.) — 2.  Hydrochloric  acid  is  heated  with  iodate  of  potash.  (Se- 
rullas.) 

2(K0,  I0»)  +  Ha  =  KQ  +  KO.  2I0»  +  HO. 

The  hydrochloric  acid  must  be  diluted  with  1 2  times  its  volume  of  watcfw 
in  which  cose  no  chlorine  is  evolved  and  no  double  chloride  of  iodino] 
and  potassium  formed.  (Filhol.)  When  a  solution  of  chloride  of  potassion 
and  oiniodate  <>f  potash  is  evaporated,  the  latter  salt  crystallizes  out  bj 
itself;  the  presence  of  free  hydrochloric  acid  is  necessary  to  the  formntioiij 
of  this  compound.  (ScruUas.)  Brilliant,  transparent,  colourless  prisms,  an(l| 
elongate<l  four-sided  tables  with  truncated  terminal  edges;  it  reddens  lit- 
mus. 

C&lcoUtion,  according  to  Serullu. 

KC\ 74-6    16-44 

KO,  2IO» „ _  379-2     83-56 


KCl  +  KO,  210*  453-8 


100-00 


100  parts  of  the  salt  contain  54-2  parts  of  iodine  and  7-396  parts  of  chlo 
rine.  (Semllas.)     The  crystals  effloresce  in  the  air.     The  salt  on  beini>| 
heated  to  rednesa,  leaves  Gb'  per  cent,  of  iodide  of  potassium  mixed  witS  ■ 
a  small  quantity  of  chloride.     It  is  soluble  in  19  parts  of  water  at  15". 
(Serullas,  Ann.  Cfiiin.  Fhii».  43,  121.)     As  the  compound,  when  treated  i 
with  cold  alcohol,  leaves  chloride  of  potassium,  it  is  probably  a  mere  mix- 
ture of  the  two  salts.  (Filhol,  J.  Pharm.  25,  506.) 


Other  Compoiwds  op  Potassium. 

With  many  metals,  as  with  sodium,  arsenic,  antimony,  tellurium,  bis-l 
niutli,  zinc,  tin,  lead,  iron,  mercur}',  and  platinum.  These  compounds  ar* 
obtained,  sometimes  by  galvanic  action,  sometimes  by  the  immediate  con« 
tact  of  potassium  with  the  metals  or  their  oxides,  sometimes  again  by  th* 
ignition  of  a  mixture  of  charcoal  and  carbonate  of  potash,  (e.  g,  carbonized 
tartar)  with  the  metal  in  a  state  of  fine  division.  ( Vanqueliu,  Ann.  Chi 
rh;,».  7,  32;  al.oo  N.  Tr.  3,  1,  282;  Serullas,  ./.  Pliarjn.  C,  .571 ;  J.  Phi, 
5)1,  123;  93,  115.)  The  potassium  in  most  of  these  alloys  is  rapidly 
oxidixed  by  the  oxygen  of  the  air  and  of  water;  many  of  them,  when 
plnced  on  uiercurj-  covered  with  a  thin  stratum  of  water,  assume  a  con- 
tinuous rotatory  motion  which  goes  on  till  the  potassium  is  completely, 
oxidixed.  (1.,  81.) 


Chaptkk  II. 

SODIUM. 


Nalron-metall,  Nalronium,  Nalrium. 

Ilutori/.     From  soda — wLich  was  formerly  coDfoundod  with  potasti, 
I  bill  proved  to  be  a  diatinct  siibstince  by  Diiliamcl  in  1736,  and  aubso- 
inontly  by  Marggraf  in  1758 — Sir  H.  Davy  first  obtained  this  metal  in 
>yeat  1807. 

Sourcff.     As  chloride  of  sodium,  in  rock-salt,  sea^water,  salt-springs, 

tBAay  mineral  waters  and  springe;  rarely,  as  carbonate,  borate,  and  sul- 

.  pliato  of  soda,  either  in  springs,  lakes,  &c.,  or  in  the  solid  state;  abun- 

oontly,  us  nitrate  of  soda;  further  in  Glauberito,  Gay-Lossite,  kryolite; 

land  in  combination  with  silica  and  other  earths  in  chabasito,  analcimc, 

aatrolite,  Thomsonite,  cudialite,  albite,  soda-spoditniene,  labrador,  nephe- 

line,  hauyne,  sodalite,  bruwicite,  cancrinite,  and  achmitc;  in  very  small 

1  qoantity  also  in  bole,  pitchstonc,  pumice-stone,  obsidian,  ittnerito,  and 

I  pinitc;  traces  of  soda-salts  are  also  found  in  coal,  in  all  kinds  of  lime- 

\  •tone  and  <lolomite,  in  talc,  asbestos,  emerald,  manganese,  red  hocniatite, 

^native  molylxlate  of  lead  and  sulphide  of  antimony.    (Kublmann,  Ann, 

Ph'trm.  41,'  220;  A.  Vogel.  J.  pi:  Chem.  25,  230.)      In    the   vegetable 

kio(rd<'Mi  it  occurs  as  sulphate,  hydriodato,  and  hydrochlorate  of  soda,  and 

eoinbinol  with  vegetable  acids,  especially  in  plants  growing  in  or  near 

the  sea;  in  the  animal  kingdom,  c<jrabinca  with  carbonic,  phosphoric,  sul- 

tpborir,  hydrochloric,  and  varioaa  organic  acids. 

Prrparadon.     Similar  to  that  of  potassinm. — 1.  By  electricity.     Tho 
decon) position  of  hydrate  of  soda  is  more  difficult  than  that  of  hydrate 
of  potaah.  (H.  Davy.) — 2.  From  hydrate  of  soda  and  iron  at  a  white- 
beat     Sodium  being  less  volatile  than  potassium,  Gay-Luasuo  fc  Thi-nard 
(Xfchrrf/i.  1,  97)  employ  in  their  process  hydrate  of  soda  with  which  a 
I  very  small  quantity  of  hydrate  of  potash  is  mixed,  and  separate  tho 
[  ]M>tassium  from  tho  resulting  alloy  bj'  keeping  it  in  thin  plates,  under  rock- 
oil  in  veeeels  not  completely  closed ;  under  these  circumstances,  tho  potas- 
I  «ium  oxidiics  first. — 3.  From  carbonate  of  soda  and  charcoal  in  the  mer- 
cury-l'ottle.    The  preparation  of  sodium  by  this  method  is  easier  than  that 
of  potn^siuin.   Since  Hulj>hate  of  soda,  if  mixed  with  the  carbonate,  becomes 
rf  Jucc-d  to  f  ulphidc  of  sodium,  which  acts  on  the  iron-bottle,  it  is  noces- 
taxy  to  use  pure  carbonate  of  soda,  such  as  is  obtained  by  the  ignition  of 
•oetato  of  sodii.     When  the  (juuntity  of  charcoal  is  too  small,  the  mass 
fa»M,  spirts  into  the  tube,  and  chokes  it  up.     1  lb.  of  dry  finely-divided 
rbonate  of  soda  intimately  mixed  with  \  lb.  of  fine  charcoal  powder, 
Mtd  then  with  ,J  lb.  of  charcoal  in  coarser  grains,  yields  4^  oz.  of  sodium, 
irilh  very  little  black  residue,  and  without  stopping  up  the  tvibc  uv  ibc 
latC  (SchiiiUer,  Ann.  J'harm.  20,  2.)     60  oi.  of  cryalaWwxsA  cw\>o^^\a  «i\ 
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Eioila  tnav  also  bo  heated  to  drjmess  in  an  iron  vessel,  stirring  all  th( 
wLilp,  with  6  ot.  of  finely-divided  charcoal,  and  12  o«.  of  coarse  charcojil' 
powder  added  to  the  pulverulent  mass.  (Gnielin.)    To  purify  the  globulus  J 
of  sodium,  Schadler  ties  them  up  in  strong  and  not  voiy  fine  linen,  beat 
tbem  in  rock-oil  to  the  boiLng  point,  and  presses  oat  the  sodium  which  ^ 
then  runs  together. 

Properties.     Silver-white,  with  a  high  lustre.     Sp.  gr.  =  0"9348  f  Hj 
Davy),  0-97223  at  15^  (Gay-Luasao  &  Thenard);  crystallizes  in  cube*^ 
(Schadler).      Recently   cut  sodium  put  into  oil  of  turpentine  cxlubita  < 
crystalline  markings  on  the  cut  surfaces.  (Bottgcr.)    At  —  20'  it  is  rathe 
hard;  ut  0^,  very  ductile;  at  ordinary  temperatures,  of  the  consistence  o£ 
wax;  at  50°,  semi-fluid;  at  90',  perfectly  so.     Less  volatile  than  poto.*- 
sium,  according  to  Sir  H.  Davy,  and  also  Oay-Lassao  &  Thenard;  butl 
accoriling  to  Mitscherlich  {I'orig.  29,  230),  somewhat  more  so.     Vapoupl 
of  sodium  is  colourless.     Sodium  is  an  excellent  conductor  of  heat  mxT 
electricity.  (H.  Davy.) 

Atomic  weight  of  sodium,  22i)7.  (Pelouze,  Compt.  Rend.  20,  1047.) 


Compoundt  of  Sodium. 

Sodium  and  Oxtoen. 

A.    SrsoxtDE  OF  SomcM. 

This  compound  is  obtained  in  the  same  manner  as  suboxiilo  of  potae* 
eiiini,     Dark  grey  (H.  Davy),  greyish-white  (Gay-Lussac  &  Thenard)-^' 
dull,  brittle  moss;  more  combustiblo  tban  sodium.     Decomposes  water. 


B.    SoBA.    NaO. 
Protoxide  of  Sodium,  Mineral  Alkali,  Somle,  Natrum,  Natron. 

Formalion. — I.  By  burning  sodium  in  dry  air  or  oxygen  gas  at  % 
very  high  temperature.  (H.Davy.)  Sodium  requires  a  mucli  greater  heat 
than  potjLStiium  to  make  it  bum  rapidly,  but  it  then  burns  like  potassium, 
with  whit«  ligbt  and  emission  of  sparks.  (H.  Davy.)  It  docs  not 
oxidize  at  ordinary  temperatures  in  perfectly  ilry  air.  (Bonsdortf,  Pogg. 
41,  206.) 

2.  So<liiim  dissolves  rapidly  in  water,  out  of  contact  of  air,  fonning  a 
solution  of  soda,  with  groat  evolution  of  heat  and  hydrogen  gas.  It 
gradually  oxidizes  in  the  air  by  decomposing  a  part  of  its  water  and 
absorbing  another  portion  to  form  hydrate  of  soda,  which  forms  a  crust 
round  the  remaining  metal,  Thrown  on  water  exposed  to  the  air,  it 
swims  about,  presenting  the  appearance  of  a  silvery,  fused,  constantly 
decreasing  globule,  and  pro<lucing  a  constant  hissing  from  the  escape  of 
hydrogen  gas,  till  the  whole  ia  dissolved  as  soda. — Sodium,  in  decompos- 
ing water,  seems  to  protluce  less  heat,  or  requires  a  higher  temperaturo 
to  inflame  it,  than  potassium;  for  the  cooling  effect  of  the  mass  of  water 
prevents  the  production  of  stilBoient  heat  to  cause  combustion.  Sodium 
doos  not  take  fire  on  a  moistened  metallic  surface — ^witb  difficulty  on 
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Wft  gin  CD  caaily  on  moiBtened  paper  or  wood,  however,  and  still  more 
sfi  nn  <lainp  oharcoal  or  a  thick  solution  of  gum.  (H.  Davv;  Docatel, 
.W/.  Amer.  J.  25,  90;  Serulliis,  Ann.  Chim.  Phyf.  40,  329.)  The  smaller 
the  conducting  power  of  the  surfaco  on  which  it  rests,  the  more  easily 
doe*  the  sodium  iaflamo.  When  thrown  upon  hot  water,  it  emits  spark^r, 
in  consequence  of  pieces  of  the  metal  being  thrown  off  and  taking  tire  in 
the  a\T.  (H.  Davy.)  It  takes  fire  on  water  above  40°,  and  bums  with 
a  brighter  flame  than  potassium.  (Balcella,  ./.  Chim.  Med.  3,  21.)  It 
t:ikc8  lire  nt  ordinary  temperatures  on  concentrated  phosphorous,  phos- 
phoric, sulphurous,  sulphuric  (either  yiure,  or  mixc<l  with  not  more  than 
e  times  it8  bulk  of  water),  hydrofluoric,  hyponitric,  nitric,  imd  arsonio 
acids,  though  it  appears  in  every  cose  to  decompose  nothing  but  tho 
water;  on  C(mcentmted  hydrochloric,  oxalic,  or  acetic  acid,  it  does  not 
taki'  fire.  (Oay-Lu»sac  &  Thenard.)  If  the  globule  of  sodium,  whilst 
revolving  in  the  water  in  a  state  of  fusion,  be  struck  with  a  flat  s]>atula, 
a  report  follows,  attemlcd  with  splaahing  of  the  water,  aud  occa-sionaily 
with  fracture  of  tho  vessel  (Wagner),  the  sodium  being  scattered  over  tho 
water  in  fine  globules  by  tho  blow,  and  a  considerable  quantity  of  hydro- 
gen gas  being  thus  set  free  at  the  same  moment.  (Couerbo,  J,  Fluirm. 
19.  224.) 

3.  Sodium  like  potaJisium  decomposes — though  generally  only  on  olo- 
ralion  of  temperature,  and  with  less  powerful  combustion — carbonic  acid 
and  carbonic  oxide,  bora/?ic  acid,  phosphoric  acid,  hyponitric  acid  (not 
viijioor  of  nitric  acid),  arscnious,  arsenic,  chromic,  molybilic,  aud  hydro- 
cyanic acids  j  likewise,  the  oxides  of  the  hea\'y  metals,  namely:  the  oxide* 
•  '  ■  :um,  m.angancse,  cobalt,  antimony,  iii.''mutli,  zinc,  tin,  lead,  iron, 
pper,  mercury,  silver,  and  platinum;  and  in  every  case  but  that 
of  ilifumium  and  mangsmcse,  the  metal  itself  is  plainly  reduced; — I.i-Stly, 
it  diTom]>oiies  tho  salts  of  oirbonic,  sulphuric,  nitric  acids,  &c.,  and  deoxi- 
dize^, not  only  tho  acid,  hut  the  base  also,  if  it  happens  to  be  tbo  oxido  of 
a  heavy  metal.  (Gay-Lussac  &  Thcnard.) 

Preparation.  By  burning  sodium  at  a  high  temperature;  or  by 
mothods  similar  to  those  described  for  the  preparation  of  potash. 

Properties.  Orey  mafs  having  a  conchoidal  fracture;  fusing  .at  a 
rtrwng  red  heut;  volatilizctl  with  difficulty;  a  non-conductor  of  electricity. 
(H.  i)avy.)  Hoda,  obtained  by  heating  sodium  with  hydrate  of  soda, 
ium  a  specific  gmvity  of  about  2805.  (Karsten.)  Acts  like  potash  on 
rrgctal'lo  coloura  and  organic  matter,  but  ia  somewhat  less  corrosive. 

GaT-Lussnp& 
Colrulation.  Berzdiiu.  H.  Diry,        llit'iiaiil. 

N»    23-2     74-36     74-3383    74-6    74-7 

O _.... 8-0 25-64     25fi617     25-4     25-3 


hh,0  „ 31-2    100-00    100-0000    100-0 

(NiO  =  290-9  +  100  =  390-9.     BoraeUus.) 

Dnmnpotitinju.    Similar  to  those  of  potash. 
ComhinatioM. — a.  With  water. 
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«.  UyJratt  of  toda — Soda-cmutlc.  Soda  rnixol  with  a  little  water, 
|MMM!a  into  tho  state  of  hydrate,  with  great  evolution  of  heat. — Prepara- 
tion: umitar  tothatof  potoah: — 1.  From  cnrbonatoof  eodaoud  lime.   To  a, 
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boiling  solution  of  3  parts  of  crystallized  carbonate  of  soda  in  15  parts  water 
or  more,  a  quantity  of  cream  of  lime  prepared  by  slaking  one  part  of  lime 
with  three  parts  water,  is  added  by  small  portions  at  a  time,  the  whole 
boiled  for  some  time,  and  treated  as  for  potash.  Soda  yielda  its  carbonioj 
ncid  to  lime  more  readily  than  potash.  Purification  by  alcohol  may  also 
l>e  applied  in  this  case. — -2.  By  precipitating  sulphate  of  soda  with  barvUu 
water.  The  process  is  similar  to  that  for  the  preparation  of  potash.  The 
tests  of  purity  are  also  the  same. 

White,  opaque,  brittle  substance,  of  a  fibrous  texture;  sp.  gr.  =2-00. 
(Dalton.)  Fuses  below  redness,  but  is  less  volatile  at  a  red  heat  than 
hydrnte  of  potash.  Hydrate  of  soda  on  platinum  wire  colours  the  blow- 
pipe-flame intensely  yellow,  even  if  mixed  with  a  large  quantity  nl 
potiish.  It  is  not  prccipated  in  solution  by  perchloric  acid,  sulphate  n' 
alumina,  or  chloride  of  platinum,  nor — unless  highly  concentrated — b_ 
carbazotic  and  tartaric  acids. 


I 


UaO  

HO 

Calculation. 
31-2     ....     77-61     . 
9-0    „.     22-39     . 

Berard. 
...     81-14 
...     18-86 

H.Davy. 

...     77-8     .. 
....     22-2     .. 

Gay-Lusac  & 

Thenard. 

..     7611— 75-8.S     . 

.     23-89  —  26-15     . 

Ducet, 
..     72 

NaO.  HO 

40-2    ....  100-00     . 

...  10000 

...  100-0  .... 

lOO'OO  „  10000  ... 

100  H 

p.  Cn/italliztd  Soda . — Soda  crystallizes — only  however  by  great  redno-< 
tlon  of  temperature — from  an  aqueous  solution,  in  colourless,  four-side  * 
tables  which  are  very  fusible. 

y.  iSolulion  of  Soda. — Liquid  Soda,  Soda-Uy,  Caustic-lft/,  Soap-bofleri^ 
Ity.      Soda,  hydrate  of  soda,  and  crystallized  soda,  deliquesce  in  the" 
air  till  they  are  converted  into  carbonate.     The  first  two  dissolve  in 
water  with  evolution — the  crystals  with  absorption  of  heat.     Solution  of, 
soda  is  obtained  in  the  same  manner  as  solution  of  potash.    It  is  acoluur> 
less  caustic  liquid.     A  solution  saturated  at  common  temperatures  has 
specilic  gravity  of  1-500,  according  to  Daltonj  boils  at  130°  (2(i6' F.)J 
and  contains  36-8  per  cent,  of  soda.     100  parts  of  water  dissolve,  at  18" 
(64-4°  F.\  eO-53  parts  of  hydrate  or  41-43  parts  of  dry  soda;  at  32" 
(fl9-6°  F.j  72-91  hydrate  or  45-72  soda;  at  5^  (131"  F.)  100  hydrate  or 
C3-53  so(b;  at  70"  (158°  F.)   11675  hydrate  or  71*98  soda;  and  at  80* 
(176°  F.)  127-02  hydrate  or  783  soda.  (Osann.) 

Qtiantity  of  Soda  in  a  Solution  of  Soda  at  15°  (59°  F.)  according  to 
Tiinnermaitn.  (X.  Tr.  18,  2,  11.) 


Bp.  »i. 

Per  cent. 

8p.r- 

Percent. 

«?.rr. 

Per  eeet 

»FP. 

T«^ 

1-4285 

3n-2-i0 

1-3198 

22-363 

1  ->392 

15110 

M042 

7-253 

1-4193 

2'.t-616 

1-3143 

21-894 

1-2280 

14-506 

1-0948 

6-r>48 

1-4101 

•29-011 

r312o 

21-758 

1-2178 

13-901 

1-0S55 

6-044 

1-4011 

2S-407 

1-3053 

21154 

1  -2058 

13-297 

1-0764 

5-440 

1-3023 

27-S02 

1-2982 

20-550 

1-1948 

1 2-692 

l-n(;75 

4-835 

1-383G 

27-200 

i-2nri 

19-945 

1-1841 

12-088 

1-0587 

4-231 

1-3;51 

2(i-594 

1-2H4.J 

19-.341 

1-1734 

11-484 

1-0500 

3-626 

1-3668 

25-9H9 

l-277."> 

18-730 

1-1630 

10-879 

1-0414 

3-022 

l-3r.8fi 

2.'i-.185 

1-2708 

18-132 

1-1528 

10-275 

1-0330 

2-418 

l-350.'> 

24-780 

1-2042 

17-528 

1  14-28 

9-670 

1-0246 

i-8ia 

1-3426 

24-176 

1-2.178 

16-923 

11330 

9-066 

I  0163 

1-209 

1-3349 

23-572 

1-2515 

10319 

1-1233 

8-462 

1-0081 

0-601 

1-327.* 

22-907 

1-2453 

15-714 

1-1137 

7-857 

1-0040 

0-302 

i 


(Richtcr's  Tables,  St6chiomf.tr if,  3,  332;  Dalton'a  Elements,  2,  315.) 
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b.  Witli  acids,  forming  the  Soda-Salts.  Tbe  afiinity  of  soda  for  all 
tt<-!<U  U  ironic  what  less  than  that  of  potash.  The  eoda-saJts  arc  colourless 
mnli'ss  the  aciil  iteelf  is  coloureil;  they  are  for  the  most  part  fixeJ  in  tho 
fire.  AttachcJ  to  a  platinani  wire  in  the  hlow-pipe  flame,  they  give  astrong 
yellow  colour,  which  is  not  destroyed  but  merely  weakened,  if  they 
are  mixed  with  crcn  20  or  30  timeii  their  weight  of  a  salt  of  potash. 
TLu  flume  of  alcohol  when  heated  with  them,  is  also  coloured  yellow. 
The  Halts  of  soda  are  luoch  more  disposed  than  the  corresponding  suits  of 
pota:iib  to  unite  with  a  large  quantity  of  water  of  crystallixation,  and  thoa 
form  efflorescent  salts  {e.  g.  sulphate  of  soda  and  sulphate  of  potash). 
Nearly  all  soda-salts  dissolve  readily  in  water.  The  solution  is  not  pre- 
cipitated by  perchloric  acid,  sulpbute  of  alumina  or  bichloride  of  ]ilatinum, 
nor,  when  sufficiently  dilated,  either  by  tartaric  or  carbazotic  acids.  With 
hvdroflu(«iilicic  acid  they  yield  a  gelatinous  precipitate.  This,  when 
viewed  under  the  microscope,  is  seen  to  consist  of  six-sided  crystals, 
whereas  that  obtained  with  salts  of  potash  is  gelatinous  and  amorphoas. 
(Hartiiig,  J.  pr.  Chem.  22,  50.)  Soda  forms  double  salts,  especially  with 
the  sulitiablo  bases  already  enumerated  under  the  head  of  potash. 

<*.  With  the  earths,  soda  forms  compounds  similar  to  those  of 
jiotasb. 

I  d.  AIm  with  the  oxides  of  the  heavy  metals  mentioned  under  potash. 

^^H      «.  Also  with  rariuns  organic  substances. 

^K  ftupliu< 


C.  Peroxide  of  Sodidm. 


Vormaiion. — 1.  By  burning  sodium  in  dry  air  or  oxygen  gas,  on  a 
of  platinum  or  iilvcr  fused  over  with  common  salt,  the  heat  being 
applied — not  too  strongly — fnmi  without. — 2.   By  heating  to  redness  soda 
vr  hyilnite  of  soda  in  contact  with  air  or  oxygen  gag,  or  by  the  ignition 
of  nitrate  of  soda. 


J'mpfrtUt.  Dirty  greenifh  j'cllow  substance,  less  fusible  than  hydrate 
of  »oda  or  peroxide  of  potassium,  and  a  non-conductor  of  electricity. 
When  sodium  is  converted  into  peroxide  by  burning,  it  unites  with  1^ 
alutu4  of  oxygen,  according  to  Sir  H.  Davy;  with  a  somewhat  larger  quan- 
tity, according  to  Qay-Lussac  &  Thenard.  Millou  (■/.  pr.  Vhem.  18,  293) 
M  of  opinion  that  the  peroxide  contains  2  atoms  of  oxygen.  Vrum  tho 
givat  analot;y  between  potassium  and  sodium,  it  may  bu  supposed  that 

Iff  peroxide  of  sodium  contains  3  atoms  of  oxygen;  as  yot,  however,  it 

•  only  been  obtained  mixed  with  soda. 


Z 


Ji  ion$. — 1.  By  water,  into  oxygen  gas  and  solution  of  sotla; 

by  '  icid  gas,  with  great  elevation   of  temperature,  into  oxygen 

g»»  and  carbonate  of  soda. — 2.   It  is  decomposed  without  inflammation, 

.when  Urongly  heated  with   charcoal  or  tin ;  and  with   violent  inflamma- 

[tioa,  when  heated  ■with  phosplmrous  or  sulphurous  acid  gas;  in  the  latter 

*•>,  inilphide  of  sodium  and  sulphate  of  soda  arc  formed.  (Gay-Lussac  & 

[TWtwrU.) 
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n.  Moxocabhonate. — Btrthollel't  Baric  Carbonate  of  Soda,  SotUO 
Mild  Mineral  Alkali,  AHali  mitifralijbcum. — Found  in  the  Eodn  lakes  <M 
Egypt,  Hungary — wLero  it  cfflorescea  on  the  soil,  &o. ;  effloresces  AbniM 
dnutly  on  walls.  The  salt  found  on  the  walls  in  the  totrns  of  Flandeiw 
consists  of  carbonate  and  sulphate  of  soda,  and  is  derived  partly  from  th4 
sodu-salts  in  the  limc8toue  used  in  the  preparation  of  the  mortar,  ana 
partly  from  soda  contained  in  the  coal  with  which  this  limestone  has  beea 
burned.  (Kuhlniann,  Ann.  riutrm.  38,  42.)  Sulphate  of  soda  mixed  witH 
a  (<niall  rjuantity  of  carbonate  effloresoea  on  walls  in  Bararia.  (A.  VogeU 
J.  j»:  C/uiH.  25,  230.)  I 

Prfpnration. — 1.  By  simple  collection.  In  Egypt,  in  tho  desert  ol 
Thaiut  in  the  western  Delta,  there  is  a  pit  four  leagues  long  and  a  qaartca 
of  :i  league  wide,  which,  during  the  winter  months,  becomes  Glled  to  tUa 
height  of  six  feet  with  violet-colouretl  water;  on  the  erapomtiou  of  Uiia 
water,  carbonate  of  soda  remains  and  is  loosened  with  iron  poles.  Tkd 
residue  is  contaminated  with  36  per  cent,  of  common  salt  and  16  per  ceutJ 
of  sulphate  of  soda,  besides  sand;  but  after  the  purification  to  which  it  ifl 
8ub.<«qucntly  submitted,  only  10  per  cent,  of  sand,  4  of  common  salt,  and 
1  of  (lulphate  of  soda.  The  carbonate  of  soda  contains  rather  more  Iliad 
one,  but  less  than  1^  atoms  of  carbonic  acid.  (Pontct,  J.  Chim.  Med,  6J 
1!'7.) — In  Hungary,  at  Shegedin  in  Little  Ciinuuia,  carbonate  of  sodtl 
I'tilurusces  on  the  ground.  It  is  gathered  before  sunrise;  the  grey  powdea 
dissolved  out  by  water;  the  solution  thus  obtained  evaporated  to  dryne<Ma 
and  the  residue  heated  to  redness  to  destroy  organic  matter.  The  nisiaq 
contains  sulphate  of  soda  and  common  salt  mixed  with  the  carbonitt«k^ 
(A.  Werner,  J.  pr.  Chan.  13,  126.)  J 

2,  Native  Soda,  the  Jiarifhi  cif  Spain,  Blanquttte  at  Aiguemortos  aniU 
Froiiligiiaa,  Saticor  at  Narbounc,  Varec  in  Brittany  and  Normandy,  Kelpi 
in  Scotland ;  the  a,shes  of  plants  growing  in  and  close  to  the  sea,  genM 
mlly  prepared  by  burning  them  in  trenches.  Sea-shore  plants  :  VoriooM 
s)K;cic«  oi  Saltola,  Salicornia,  Atriplex,  Slatioe,  JJalis,  MesembryanihemumJ 
Vlieniypodiuvi,  Trit/lochin,  Jteaumuria,  &c.  Sea-plants:  Various  flpecies^ 
of /'«<•(/«.  The  Boluble  portion  of  the  ash  contains  carbonate,  sulphate,! 
and  hyposulphite  of  soda,  sulphide,  iodide,  bromide,  chloride,  and  fcm^cy-l 
nnide  of  sodium,  and  fre<juently  also  the  corresponding  com)>oundM  ofl 
potassium ;  tho  insoluble  pan  contains  carbonate  and  phosphate  of  lime,! 
sulphide  of  calcium,  magnesia,  alumina,  silica,  sulnhiJo  of  iron,  and  char-1 
coal.  The  soda  is  combined  with  vegetable  acids  in  these  plants,  and  I 
becomes  converted  into  carbonate  by  combustion;  it  is  originally  derived  I 
from  the  connnou  salt  present  in  the  soil  or  tho  sea-water.  The  ash  of  J 
sea-plants  is  much  poorer  in  carbonate  of  soda,  and  contains  a  much  larger  1 
quantity  of  salts  of  pota.sh  than  that  of  plants  growing  on  the  shore.  I 
According  to  Lampudius,  soda  from  Alicant  contains  2G,  Silician  soda  23, 1 
that  from  Narbonne  14,  Norwegian  kelp  6,  and  Scottinh  kelp  only  3  per  | 
cent,  of  anhydrous  carbonate  of  soda.  By  exhausting  the  soda  with  water  J 
and  evaporating  the  liquid,  crystalliicd  carbonate  is  obtained,  and  is  puri-| 
tied  by  repeated  crystallization.  I 


CAJUtONATE  OP  SODA. 


79 


3.  Arti/cial  Soda.     A  mixture  of  two  parts  of  dry  Bolphate  of  Bod%^ 
i  Mrt«  of  carbonate  of  lime  (chivlk  or  limestone)  and  one  part  of  cliarooal, 
IS  Dented  to  redness  in  a  reverl)eratory  furnace,  the  fused  mass  being  con- 
Jitantly  stirred  with  an  iron  rod.  (Leblanc,  Di«e.)     The  sulphate  of  sodad 
is  reduced  by  the  charcoal  to  the  state  of  sulphide  of  sodiuiw,  with  evolu-1 
tidfi  nf  carbonic  oxide  gas;  and  the  sulphide  of  soiliuni  is  converted  by 
the  carbonate  of  lime  into  sulphide  of  calcium — which,  by  taking  up  free 
lime,  becomes  insoluble — and  carbonate  of  soda. 

3(C«O,CO0  +  2(NaO,SO»)  +  9C  =  CaO,2CaS  +  2(N»0,  C0»)  +  lOCO. 

Part  of  the  carbonic  acid,  however,  escapes  from  the  carbonate  of  lime^  J 
no  that  the  mass,  besides  carbonate  of  soda,  contains  a  variable  but  always  ■ 
large  amoaut  of  caustic  soda.  The  ad<lition  of  manganese — recommended 
hy  some  for  the  purpose  of  forming  carbonic  acid  by  oxidizing  the  excess 
i-'i  liiarcoal — may,  at  the  same  time,  reconvert  the  sulphur  of  the  sulphide 
•  i'  lalcium  into  sulphuric  acid.  To  obtain  the  pure  carbonate  from  this 
.1.".  iticial  aocLo,  it  is  exhausted  by  water;  the  solution  boiled  down  in  leaden 
y.ius:  and  the  carbonate  of  soda  with  ouo  atom  of  water,  which  procipi- 
l.il"-^  in  the  form  of  flowers  of  soda  {Natron-vuhC),  taken  out  of  the  liquid 
:i.-  It  solidifies.    The  mother-liquor  contains  caustic  soda,  which,  by  dlli'er- 

MiL'thoib— ?.  g.  evaporating  and  heating  to  redness  with  saw-uust — is 
...i.u  converted  into  carbonate. 

•i.  Other  modet  of  prtparing  carbomttt  of  toda  from  the  tulphatt. — n.  100 
|.:irt"i  of  anhydrous  sulphate  of  soda  are  heated  to  redness  with  SO  parts  of 
cliuTcoal;  to  the  sulphide  of  sodium  thus  produced,  20  parts  of  iron  turn- 
ings are  added  ;  then  8  parts  of  charcoal,  then   12-5  parts  of  iron,  and 
K*tlT  3  parts  of  charcoal ;  and  the  mixture  of  sulphide  of  iron  and  caustic 
ibtained,  is  exposed  to  the  air  to  absorb  carbonic  acid.  (Alban.)— 
:f)  of  soda  is  converted  into  sulphide  of  sodium,  by  heating  it  to 
ih  I  of  its  weight  of  charcoal  in  a  crucible;  the  sulphide  is  dis- 
V,  :itcr — converted,  by  boiling  with  oxide  of  cojiper,  into  sulphide 
■oda-ley;  the  solution  decanted  and  evaporated,  in  order  that 
;..jjused  sulphate  of  soda  may  crystallize  out;  and  the  remain- 
I  mixed  with  charcoal  powder  and  evaporated  to  dryness  :  the 
then  heated  to  redness  and  exhausted  with  water,  and  the  eolu- 
■  1  crystalliie.  (Priickner,  Schw.  G7,  102  and   113.) — e.  Through 

'j M  xoliitiou  of  sulphide  of  sodium  obtained  in  the  same  manner, 

uic  acid  is  ]iaj^Hed  till  sulphuretted  hyilrogen  ceases  to  be  cvolvcil. 
( 1  >iiTi.)^-rf.  Tlie  suljihido  of  siHlium  is  converted  into  acetate  of  soda  by 
I-.. -an«  of  pyrol Igneous  acid — then  evaporated  and  heated  to  redness.  (Marg- 
.11 1.) — e.  Siilpliate  of  soda  dissolved  in  wafer  is  decomposed  by  acetate  of 
I  :;  •  ,  filtcre<i;  cviipomted  to  dryness;  and  raised  toarcd  heat.  (Lampndius.) 
-'  ^I:■,rl  .!.i  i.mposes  »ul]ihnte  of  soda  with  carbonate  of  potaah;  the  .*ul- 
j.!>  iN  1. 1  i"!  i-li  crystallirea  out  first,  and  afterwards  the  carbonate  of 
-■•■■I.I  (lliigvii.) — <7.  An  aqueous  solution  of  sulplinto  of  soda  is  stirred 
iii>  ill  the  cold  with  carbonate  of  baryta — then  filtered  and  ovaiK>rated. 
(kolreutor.) 

5.  Fmm  common  tall. — n.  One  part  (1  At.)  of  common-salt,  dissolved 

in  8  parte  of  water,  is  digested  with   4,  or  sometimes  with  7'4  purtw 

''   '■       if  powdered  lithar;.'i';  a  bulky  white  mass  of  telrachloriilo  of 

ini.il,  ami  the  liquid  is  found  to  contain  caustic  soda.  fSchccle, 

'  '     When  a  moif-ti.'ncd  mixture  of  common  salt  and  slaked 

•  1  iu  a  cellar,  a  small  quantity  of  carbouatc  of  toda  cfilorcifces 
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out.  (Schcole.) — c.  When  carbonate  uf  potash  is  tllssulved  in  water  tog<etbel 
with  commou  salt,  aud  the  solution  evaiwrated,  crystals  of  chloride  of 
potassiuui  (separate  from  it  fir.st,  and  carbonate  of  soda  afterwards. 

^  Bodo  Ungcr,  in  an  elaborate  paper  [Ann.  I'tuinn.  Cfi,  240;  67,  78j 
on  the  pre[>aration  of  carbouato  of  soda,  gives  the  following  minute  an 
lysis  of  raw  soda  prepared  from  sulphate  of  soda,  lime,  and  chan-oal:  t 
analyses  of  sonde  sal^a,  sal  de  Yarec  rajine  by  Girardin,  are  added 
the  sake  of  comparison. 

Bodo  Unger.  Gir»nUn. 

Sonde  Salee.  Roaen.  lUrrr. 

N^O.SC 1-99  4690  23-91  65-0 

NaCl 2-51  2319  16'94 

N«OCO»   23-57  N»S 300 

NkOHO    1112 

CaOCO*    12-90 

3C»S.C»0 34-7t)         CiS 20-41  5215 

FeS    2-45 

MgO.SiO^    4-74 

Chareoil. 159 

Sand 2-02  B'40  6-00  3-0 

Water. 210  1-10  I'OO 


4 


99-78  10000  100-00  100-01. 

Pur-ijication  of  Carbonate  of  Soda. — By  repeated  re-crystallization^H 
Gay-Lussac  (.<»in.  Chim.  Phyt.  55,  221;  Ausx,  Ann.  Pharm.  12,  l."))^^ 
washes  the  ordinary  commercial  crystals  with  cold  water;  dissolves  them 
Jn  hot  water;  and  cools  the  solution  rapidly  by  surrounding  it  with  cold 
water,  stirring  it  all  the  time  with  a  spatula,  so  that  small  crystals  may 
be  fonned:  these  he  collects  on  a  funnel;  and,  after  the  mother-liquor  has 
diuiued  oil',  washes  them  with  cold  water  till  the  drainings  mixed  with 
excess  of  nitric  acid  no  longer  give  a  precipitate  with  nitrate  of  silver. 

Jvipiiritie* : — Sulphide  of  So<lium:   evolves    sulphuretted   hydrogen 
with  acids.    Ili/ponilphUe  of  Soda :  Hydrochloric  acid  liberates  sulphur- 
ous acid  and  gradually  precipitates  suljihur. — SnljthaU  of  Soda:  Precipi^ 
tate  with  chloride  of  barium  and  excess  of  dilute  hydrochloric  acid. — Conkt 
mon  Salt :  Precipitate  with  nitrate  of  oxide  of  silver  and  excess  of  nitric 
acid.     Frrro-cyanide  of  Sodium:   Blue  or  green  colour  on  the  addittua 
of  a  ferroso-ferric  salt,  and  then  hydrochloric   acid  in  excess. — SalU 
Potasfi:   Sec  the  reactions  of  these  (111,15). — Carbonate  of  Lime  :   Tl 
Bait  dissolves  in  water  containing  carbonate  of  soda,  and  remains  mixe 
with  it  even  after  frequent  recrystallization.     The  solution  cooled  down 
to  0°,  dep<i(<i(s  a  conipuund  of  carbonate  of  soda  and  carbonate  of  lime  ; 
the  form  of  a  white  crystalline  powder,  but  still  rctiiins  a  portion  of  liii 
which  gives  a  cloud  with  oxalic  .acid.  (Bauer,  Pof/;/.  24,  3C7.) — Can 
nateoflMwjuesia  is  sometimes  mixed  with  it  in  the  same  manner.  (BuchncrJ 
Pepcil.  57,  373.)  1 

For  the  quantitative  examination  of  soda,  vid.  Gay-Lussoc  &  WelterJ, 
{Ann.  Chim.  Phyt.  13,  212;  also  N.  Tr.  5,  1,  124;  also  Frescnias  &  Will, 
Ann.  Pharm.  47,  87.)  ^\ 

Carbonate  of  soda  dehydrated  by  heat  is  white,  translucent,  of  specifie^^ 
gravity  2-4U.">0  (Karstcn);  fuses  at  a  moderate  red  heat  more  readily  than 
carbonate  of  potash;  has  an  alkaline  taste  and  reaction;  but  is  even  le 
cauatio  than  carbonate  of  ]Ki(uslk 


ipi^ 

tri<^ 
^iua 

rhM 

xe^^ 
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CslcalatioD.  Benelioi.        Sdufgotich.  Uie. 

N«0 „ 31-2    58-64     68-757     5865    59'14 

CO«    _ _ 22-0    41-36     41-243     41-35     40-86 


N*0,COi 53-2 


100-00     100-000 


100-00 


100*00 


N>0 
C0«... 


Dal  ton. 
59-6     . 
40-4    . 


Kirwan.  B^rd. 

59-86     62-53 

40-05    37-47 


100-0    99-91 


100-00 


It  is  decomposed,  like  carbonate  of  potash,  by  steam,  charcoal,  and 
ulicium. 

Combination*  with  Waitr. — The  anhydrous  salt  becomes  heated  by 
contact  with  water. 

«.   Carbonate  of  Soda  with  one  Atom  of  Water. — 1.    Crystallizes  on 

erajporating  a  saturated   aqueous  solutiou  between  25°  and  37"  (Haidin- 

gttr},  or  from  the  hydrate  with  10  atoms  of  water  when  it  hoti  been  kept 

IS  •olatiun  for  some  time  in  its  own  water  of  crystallization  (Haidinger), 

or  e-VHporated   between  7  j°  and  87'^.  (Schindler.) — '2.   It  remains  as  an 

H;e<l  mass  when  the  salt  i  is  exposed  to  the  air  at  a  toniperaturo 

V,  (Schindler.)     Obtained  by  the  first  method,  in  four-sided  tables. 

.inger,  I'o</ff.  0,  87.)     It  does  not  melt  when  heated,  but  loses  its 

^....i.  r  between  87°  and  100^,  and  forms  a  fine  powder.    At  a  temperature 

of  12-.5'-  in  dry  weather,  it  absorbs  from  the  air  enough  water  to  raise  tho 

per  oeutage  to  40;  in  moist  air  it  absorbs  still  more,  but  not  sufficient 

to  conatitute  8  atoms.     It  attracts  carbonic  acid  from  warm  air,  and  is 

thereby  partly  converted  into  sesqaicarbonate.    (Schindler,  Maff.  Pharm. 

33,  14.) 

CalcuUtion.  Schindler,  1.  2.  Haidinger,  1. 

>J»0,CO> 53-2    .       85-53     85-51      85.55     82-26 

HO 9-0    ....     14-47     14-49    14-45     1774 

K«O,C0»  +  Aq.    62-2    ....  100-00    100-00    100-00    100-00 

If  the  (alt  obtained  by  the  first  method  be  dried  at  37-5%  between 
bibnlou«  ])aper,  without  first  reducing  it  to  powder,  the  mother-liquor 
•1  "  '.s  tu  it;  .and  as  Haidinger  did  not  remove  this,  he  found  too 

\a  ..ntity  of  water.  (Schindler.) 

(i.  II  alt  S  Alonu  of  Water. — 1.  The  salt  t,  exposed  to  the  air  at  12-5^ 
IS  converted  by  efflorescence  into  the  salt  |S.  (Scbindler.) — 2.  If  the  salt  t 
be  melted  and  the  soluble  part  poured  off,  tho  salt  /3  crystallizes  out  at  a 
leiB|>«raturc  above  33°.  (lierzelius.) — 3.  Accidentally  obtained  at  tho 
Bttxweilcr  wda-works  in  transpareut  rhombic  octohedrons,  which  efflo- 
fBSwd  sliglitly  in  the  air,  and  when  dissolved  in  water  and  evaporated 
at  30',  again  yielded  the  same  salt.  (Persoz,  Pogg.  32,  303;  also  J,  pr. 

CKrm.  3.  49.) 

Calculation.  Persoi,  3. 

NaO.  CO». 53-2     5418  53-25 

5UO 45-0    45-82  46-75 

NaO, CO"  +  5A<i 982     10000     10000 

y.  With  6  Atoms  of  Water. — Crystallizes  from  a  solution  of  protosul- 
{■Siide  of  sodium  exposed  to  the  air,  and  frequently  also  from  a  mixed 

roL.    IIL  o 
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MneonB  Bolulion  of  carbonate  of  potash  and  common  salt.  (MitscLerli 
Poga.  8,  441.) 

t.    With  8  Atom*  of  Waier. — Crystttllires  out  when  the  salt  t  cools  fn 
a  state  of  fusion  or  from  a  hot  eaturutod  aqueous  solution,  apparently  ai 
a  temperature  lower  than  the  crystallizing  point  of  a,  and  higher  tl 
that  of  I.     It  belongs  to  the  right  prismatic  system;  rectangular  pris^ms 
terminated  by  four-sided  summits,  the  faces   of  which  are  inclined  to 
Liteml  faces  at  angles  of  115'  and  12.5°.     Sp.  gr.  =  I.'>t.     Fuses  in 
fire  less  completely  than  i.  (Thomson,  Ann.  Phil.  26.  443.) 

CalcuUtion.  Thomson. 

HaO 31'2     84-92  „    W'rt? 

CO»  „ 22-0    17-57  17-163 

8HO 72-0     57-51  56-920 

NaO.CO"  +  8Aq 125-2     100-00    99-880 

•.   With  to  A  toms  of  Water. — The  ordinari^  form  of  the  salt  as  it  i 
talliies  from  a  moderately  coneentrate<l   solution  at  a  comparatively  lo^ 
temperature.      Crystalline  system,  the  oblique  prisroatio  {f'iff.  114);fn 
quently  also  with  the  i-8urf«ce;  easily  cleft  parallel  to  i;  u  :  u'  =  76"  IS 


20'; 


t  :  u  or  u«  =  108"   48';    •  :  •  or  «'  =   129"  52';  i  :  t  =  UV 
or  u}  .t  =   128°   6';    u'   :  m  =   UP  54';    «  :  «'  =  79'  44'  «'  :  i 
140-'  8';  often  hemitropia  (Brooke,  Ann.  Phil.  22,  287;    vid.  also 
dinger,  Pogg.  5,   369.)— Sp.  gr.  =  1-423.  (Haidinger.)    When  gent 
heated  it  fuses — the  salt  a  crystallizing  out,  and  leaving  a  liquid  whic 
contains  more  tfaan  10  atoms  of  water  and  solidifies  again  at  33'5^ 
effioresces  quickly  in  the  air,  and  passes  at  38^  into  the  ^t  s,  and  at  12*j 
into  the  salt  /9.  (bchindler.)    In  racno  over  oil  of  vitriol,  at  ordinary  tec 
peratures,  it  loses  9  atoms  of  water  and  is  converted  into  the  salt  a;  but  i 
subsequently  exposed  to  tlie  air  (.-iaturatcd  with  moisture  probably)  fd 
10  days,  it  re-absorbs  8^  atoms.  ( Von  Bliicher.)     143-2  parts  (one  At.)  i 

tho  salt  <,  exposed  from  2l8t  of  Oct,  to  the  4th   of  Dec,  to  an  atm4 

sphere,  the  temperature  of  which  ranged  between  6'^  and  12^,  and  the 
dew-point  from  2-8-'  to  3-9^  below  that  temperature,  lost  on  the  first  day 
only  3-2  parts  of  water — probably  merely  hygroscopic — and  none  at  all 
afterwards.  On  the  contrary,  532  parts  (one  atom)  effused  carbonate) 
soda  absorbs  under  similar  circumstances,  if  pounded  up  from  time  i 
time,  882  parts  (that  is  to  say,  nearly  the  whole  10  atoms)  of  wat_ 
On  the  other  han<l,  carbonate  of" soda  effloresces  at  14-4^,  if  the  dew-poij 
stands  at  8  9".  (H.  Wattson,  Fhil.  Mag.  J.  12,  130.) 


CikaUtioii. 

NaO _ .,-.    31-2    „    21-79 

CO* 220    15-36 

lOHO  .„ - -.     90-0     .„ 62  85 

BeTgroan. 

20     .. 

16     .. 

64     .. 

BcrthoUft. 

20-25     . 

12-15     . 

C8-60     . 

Docd 
...™    20-31 

16-04 

6361 

N«0,  CO*  +  l«Aq.      143-3    .. 

Thomson. 

N»0 90-60     

CO=  .. —     14-16     ...... 

lOUO    ...     65-24     . 

100-00    100     .. 

Kinran.         KUproth, 

.    21-58    22    

.     14-42     16     

.    64-00 62    

101-00    . 

B^rard. 

23-33     

13-98    _.. 
62-69    „ 

100-OC 

V.Rose.    . 
..     24 
..     15 
61         1 

lW-00    . 

.  100-00     ... 

„...  100     „ 

10000    

..  100  -^ 

f  Solation  of  Monofarhonaf*  of  Soda. — One  part  of  salt  i,  dis 
hi  1-58  parts  of  water  at  \T  (62-6*'  F.)  (Thompson);  1  part  of  salt! 


SESQUICARBONATE  OP  SODA. 


83 


dM»olre«  in  2  parts  of  cold,  and  in  much  leta  tban  1  port  of  Lot  water. 
The  solution  soturatcd  at  8^  {iSA"  V.)  has  a  specific  gravity  of  M07. 
(Anthuii.) 

Amount  of  AiihydroiLs  Carbonate  of  Soda  in,  a  tjiven  goliilion  al  15°  (59°F.) 
according  to  Tiinnermann.  {N.  Tr.  18, 2,  23.) 


•|>.«T. 

9rt  r#»l. 

»p.ft. 

Percent. 

Sp.fT. 

PerMnl. 

«p-r. 

In  Mat. 

1    !  -  !  tj 

14-880 

11 308 

11160 

1-0847 

7-440 

1-0410 

3-720 

1  i:  IS 

)4  508 

1-I2(,l 

10-788 

1-0H02 

6-768 

1-0368 

3-348 

|■|(;;'^ 

1 4- 136 

1-1214 

10-416 

1-0757 

G-396 

1-0327 

2-976 

II.-,(;l 

13-,-64 

1-Il(i7 

10  04  4 

1-07 1.1 

6-324 

10286 

2-504 

1     1  -v''^ 

\?,  .".!I2 

I1I20 

9-072 

1  OliU'J 

5-972 

1-0-^45 

2-232 

1    Ij  4  ■.' 

1  ;iiji) 

1  10,-4 

y-300 

1-0G2J 

5-580 

I-0-204 

1-850 

1  l.-.-iu 

UGIH 

1-1028 

H  a28 

10578 

5-208 

1-0163 

1-488 

1-1  «.•._• 

\>-2-.ft 

1  ■0')H2 

8-55(1 

1  0537 

4-830 

10121 

1-116 

I'Kut 

11!»04 

101t37 

81H4 

1  0494 

4-464 

1-0081 

0-744 

1'133C 

11-532 

I -0892 

7-812 

104&2 

4-092 

10040 

0-372 

h.  SEsQncARBO.NATE  OP  SoDA. — Fouml  native  at  Fessau  as  Trorut, 
»'■  :u-oii»Urao.  (Rivcro&  BoussiiigaiiltjJjiji.  f7(tVn./'//y».  29,  110.) 

li  i/.us  from  an  aqueous  solutioD  of  tlie  bicarbonate  as  the  liquid 

tf»u\a  al'U-r  being  concentrated  by  boiling  (Phillips,  II.  Rose),  or  when  the 
•ulation  i*  evaporated  in  vacuo,  over  oil  of  vitriol.  (I)obcrciner,  GM.  72, 
^\j.)  From  n  hot  solution  containing  both  carbonate  and  liicarbonnto  of 
9aix,  tho  two  salta  cryslallizeout  by  themselves  on  cooling;  butif  an  u<{ueon.s 
•ointioD  of  biciirbonate  be  rapidly  boiled,  80  that  it  may  lose  only  a  part  of 
tta  leeond  atom  of  carbonic  acid — or  Lf  the  crystallized  salt  be  heated  to  a 
iauitmntare  not  exceeding  200" — or  again,  if  equivalent  proportions  of 
evbunatc  and  bicarbonate  of  soda  arc  melted  together  and  dried, — a  mass 
I*  obtained,  which,  if  exposed  to  the  air  in  a  collar  for  some  weeks, 
dbsorbs  water,  becomes  perfectly  cryKtallino,  and  contains  spaces  tilled 
witl)  sbioing  crystals  of  sesquicarbonate  of  soda.  (R.  Hermann,  J.  pr. 
Chem.  2(1,  312.)  If  4  oz.  of  alcohol  be  poured  on  the  top  of  a  solution 
eaataininjif  lUO  grains  of  simple  carbonate  and  152  grains  of  cryatalliised 
licaHioaato  of  soda  in  4  ounces  of  water,  fine  clear  acicular  crystals  are 
(aniMid  »ft«r  •evoral  days  at  the  surface  of  separation  of  the  two  liquids: 
tlH»e  crvdtals  con>'i!>t  of  scaquicarbonate  of  soda,  have  an  alkaline  rcao- 
liuD,  and  do  not  el1iorei!0e  in  the  air  »t  22-.>.  At  the  bottom  of  the  solu- 
ti»D,  largi*  crystals  of  the  simple  i^rbonato  are  formed,  together  with  a 
•UM  of  binrbunate  of  eoda.  (Winckler,  Rrpcrt.  4N,  21.0.) 

The  crrslalline  system  of  Trona  is  the  oblique  prismatic  (Fig.  9.3); 

M  :  «'  =  47    ;iO';  »  :/  (backwards)  =  10.3'  15';  i  :  ii  =  103'  45';" easily 

deavalde  parallel  to  t;  less  easily,  parallel  t^i  u  and/;  colourless,  trans- 

tareiit.  or  pellucid;  up.  gr.  =  2-112.  (Haiilingc-r,  Po'/ff,  5,  307.)     Urao, 

t.iducent,  t)f   ri)linti-(l   radiating  structure  and   conchoidal   fracture; 

uo   and   not   ettiorcscent.  (Rivero.)      The   ordinary   crystals  arti- 

Scislly  prrjinrod  are  small,  of  the  same  form  \a  Trona,  and  |ierroar 
■mt  in  tliti  air.  (II.  Rose.)  The  salt  when  heate<I  to  redness,  or  when 
ila  aqiifou4  eolutiou  is  l>oilc<l  for  many  hours  (U.  Rose),  loses  half  it« 
_-i.  .:.  .,-;j_  jt  diosolvos  in  water  more  readily  than  the  bicarbonate, 
>-ily  than  the  simple  salt.  The  solution  evaporated  in  vacuo 
wMT  >ii  \>i  vitriol,  yields  n  miis*  of  crystals  composed  of  the  simple 
cnUrtuto    and    the    bicarbonate   together.    (U.  Koto,  Pogij.  ^\,  V^Q."^ 
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The  solution  ia  not  rendered  turbid  hy  1  part  of  salphate  of  magnesii 
disfiolred  in  10  parts  of  water.  (Schindler.) 


42-47 
17-38 


Kluproth.      BoustiagBolc. 
JVona.  f  rflo. 

38-0     39-00  f  •• 

22-5     18-80     .. 

2-5     

„       0-98     . 


Crystallized 

4N«0 62-4 

SCO*  66-0 

3HO    27-0 

Sul|iliat«  of  Soda    ....        ,, 
Impuritiea   , 

2NaO,3C(y  +  3Aq.  155-4     ....  100-00     lOO'O     100-00 

Winckler.  Hermann. 

Arlifieial.  Artificial. 

41-13     4000 

43-31     ..„ ~.     43-06 

15-56    16-94 


Phaiipa.' 
Arlijiatl. 


1 00-0 


NaO    . 

CC 

H0.„. 


c.  Ricarbonatt  of  Soda. 
eparin;;ly  in  several  springs. 


100-00    100-00 


Found   in   alkaline  mineral   waters. 


4 
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Preparation.     The  same  as  for  bicarbonate  of  potash,  according 
methods  1,  '2,  3,  and  4. 

1.  A  solution  ia  employed  containing  1   part  of  simple  carbonate  erf 
eoda  in  2  parts  of  water. 

2.  Carbonate  of  soda  which  has  effloresced  in  warm  air  (at  37*! 
Scliindl^)  to  a  loose  powder  (contaiuiug  ut  leiist  1  atom  of  water) 
exposed  to  a  current  of  carbonic  acid  gas.  Absorption  follows  wit 
great  rapidity  and  great  rise  of  temperature,  sufficient  even  to  fcise 
the  mass.  (Kreuiburg,  Kastit.  Arch.  IB,  223;  17,  253.)  The  cfflores 
salt  may  be  placed  in  sieves  covered  with  paper,  over  the  openings 
which  the  carbonic  acid  csaipes  from  the  fermentingtubs  in  the  prepara-^ 
tion  of  brandy:  the  salt  is  broken  np  daily,  and  becomes  saturated  in  8 
days.  (MiJhlenbrook,  liepcrl.  64,  42.)  Berielius  {Poiji/.  16,434)  spread 
an  intimate  mixture  of  1  part  of  lO-hydrated  and  3  parts  of  anhyilroU 
carbonate  of  soda,  on  linen  stretched  over  iron  rings;  these  he  places  on 
above  another  in  a  cylinder  of  tinned  iron,  through  the  lower  opening 
which  the  carbonic  acid  enters,  whilst  a  bladder,  from  which  the  air  I 
been  expelled  by  pressure,  is  tied  over  the  top.  On  the  salt  thus  obtaine 
cold  water  is  poured,  and  the  whole  stirred  about;  by  this  means,  anj 
simple  carbonate  which  may  still  be  mixed  with  it,  is  dissolved;  after  ll 
hours,  the  salt  left  undissolved  is  drained  and  dried.  Mohr  {Aut 
Pharm.  19, 15;  29,  268)  introduces  an  intimate  mixture  of  equal  parts  < 
10-hydrated  and  anhydrous  carbonate  of  soda  into  a  long,  wide  tube  of 
gloss,  and  passes  carbonic  acid  gas  through  the  mixture.  The  mass  l>ecomes 
heated,  commencing  at  the  end  at  which  the  gas  flows  in;  and  the  Itcat 
gradually  increases  till  it  reaches  the  other  end;  hence  it  is  necessary 
cool  the  tube.  Thesuturatiou  is  complete  in  two  hours,  and  the  salt  requir 
no  purification.  Or,  he  puts  the  mixture  into  a  vessel  of  equal  width  at  to 
and  bottom — ko  that  the  mass,  when  it  becomes  dry  and  caked,  can 
easily  withdrawn — closes  it  air-tight  after  the  air  has  been  expelled  by  i 
rapid  current  of  carbonic  acid  g:is,  and  passes  the  gas  into  it  witbou 
intermission  from  his  gas-generating  vessel.  The  gas  is  at  first  somewha 
slowly  absorbed]  but  as  the  mass  becomes  heated,  the  absorption  goeo  o^ 
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witb  great  rapidity. — The  crystals  of  the  10-hydrated  salt  may  also  be 
expose*]  to  the  aotioD  of  carbonic  acid;  they  then  become  covered  with 
•  while  crust,  and  suffer  the  excess  of  water  of  crystallizatiun  to  run  off. 
(SehfiOtT,  Bt.  Arch.  2.5,  251.)  In  this  manner,  a  spongy,  friable  mass  is 
ohtxined,  which  still  retains  its  original  form,  but  must  be  pulverized  and 
repeatedly  waj«hed  with  cold  water,  to  free  it  from  simple  carboniUc  still 
•dhering  to  it,  and  then  dried  at  a  moderate  heat.  (R.  Smith,  P.  Boullay, 
J.  Phami.  16,  118  and  123.)  The  salt  must  be  rapidly  dried  after 
wubing,  because  it  loses  carbonic  ncid  if  long  exposed  to  the  air  in  a 
moist  condition;  or  it  may  be  dried  at  37"*,  and  once  more  exposed  to 
carbonic  acid.  (Schindler.) 

3.  From  3  to  4  parts  of  10-hydrated  carbonate  of  soda,  are  intimately 
mixed  with  1  part  of  commercial  carbonate  of  ammonia;  the  semi-fluid 
m&Ks  thus  obtained,  which  evolves  ammonia,  is  allowed  to  stand  24 
faours,  and  then  exposed  to  the  sun  on  bibulous  jmper  or  on  clean 
bricks.  The  last  trace  of  ammonia  escapes  with  the  water,  and  bicar- 
bonate of  soda  remains  as  a  chalky  mass.  (Schiiffer.)  As  the  ammonia 
crolrej  in  this  process  is  lost,  and  it  is  difficult  to  evolve  it  in  close 
ToaseU  on  account  of  the  large  proportion  of  water  present  (at  75*  the 
Cftrbonato  of  ammonia  passes  off  undecomposed,  Schindler),  Schoy  [N. 
Br.  JirrM.  i,  137)  carefully  mixes  50  parts  of  dry  carbonate  of  soda  in 
Udc  powiler  with  15  partji  of  the  10-hydrate<l  carbonate  and  41  parts 
of  carbonate  of  amnumin,  and  heats  the  mixture  iu  a  distilling  vessel 
immnri^ed  in  a  water-bath.  The  first  -J'j  of  the  ammonia  are  readily 
evolved,  the  following  j'j  with  greater  difficulty,  and  the  last  ^j  is 
expelled  by  exposing  the  mass  to  the  air.  According  to  Schindler,  a 
Mixture  of  3  parts  of  monohydratcd  carbonate  of  soda  and  2  parts  of 
GBrbonate  of  ammonia,  exposed  to  the  air  at  a  temperature  between  25° 
■ad  30°,  yields  pure  bicarbonate;  but  at  75^  it  evolves  carbonate  of 
aznmoiiin  and  leaves  simple  carbonate  of  soda.  The  salt,  however,  is 
not  f)btained  perfectly  white,  on  account  of  organic  substances  contained 
in  the  carbonate  of  ammonia.     Hoff  {Repert.  'I't,  390)  heats  a  saturated 

tion  of  4  parts  of  10-hydratod  carbonate  of  soda,  to  which  1  part  of 
roate  of  ammonia  has  been  added,  in  a  basin,  till  all  smell  of  ammonia 

pawied  off,  filters  hot,  and  leaves  the  solution  to  crystallize.  Eight  parts 
oftbo  10-hydrated  salt,  dissolved  iu  16  parts  of  water,  together  with  3 
pari*  of  carbonate  of  ammonia,  evaporated  in  a  water-bath  and  cooled, 
■pfXA  4  parts  of  crystallized  bicarbonate.  (Winckler,  Mag.  Pharm.  10, 
13.)  When  a  sidution  of  carbonate  of  soda,  mixed  with  cveu  an  excess 
of  carbonate  of  ammonia,  is  evaporated  in  the  air  at  temperatures  between 
iS'  and  30\  the  latter  salt  escapes  and  leaves  simple  carbonate  of  soda 
behind;  if  the  mixture  is  heated  in  a  retort,  simple  carbonate  of  ammonia 
jtMm  over  first,  and  aftenrards  sesquicarbonate  sublimes.  (Schindler.) 

4.  Planiftva  (Katilii.  Arch.  9,  332)  introduces  a  solution  of  286"4  parts 
(2  atomii)of  lO-hydrated  carbonate  of  soda  dissolved  in  twice  the  quantity 
!>/ water,  into  a  bottle;  closes  the  bottle  tightly  with  a  stopper  through 
vhicli  passes  a  tube-funnel  drawn  out  to  a  very  fine  point  at  the  end, 
•od  dipping  an  inch  deep  into  the  solution;  pours  slowly  through  this  tube, 
Mp«rU  (una  At.)  of  oil  of  vitriol,  without  agitation;  and  after  it  haa 
Mam  qnietly  «cveral  days,  separates  the  liquid  from  the  crystals  that  are 
intllMd:  llieso  ho  washes  with  cold  water  and  dries  between  bibulous  paper. 
Tbe  liotilc  may  be  two-thirds  fille<l  with  the  solution,  and  the  tube-funnel 
neay  piua  to  the  bottom.  When  the  solution  prepared  at  a  higher  tempe- 
r-.iMr..  hiM  fallen  to  50°,  the  oil  of  vitriol  may  bo  poured  into  the  tube. 
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Tho  finer  the  point,  and  tlio  more  slowly  the  oil  of  Titriol  runs  into  Um 
anlution,  the  mure  bcnutiful  uxo  tlio  crv»talM.  The  Ictist  (ibaking  ia  disa4- 
vitntagcou^,  as  carbonic  acid  is  tbereoy  evolved,  (Scbindler.)  The  sa 
may  aliio  be  obtained  by  u^ing  acetic  ncid :  in  tbia  case,  agitation 
necessary.  (Scbiudier,  Mug.  Pliarm.  33,  20.) 

Tbe  salt  is  fully  saturated  with  curbonio  acid  when  it  no   long 
reddens  turmeric,  or  gives  a  precipitate  with  a  very  dilut*  solution 
corrosive  sublimate,  but  a  white  precipitate  with  a  concenlratcd  »olntiod 
becoming  red  in  a  few  minutes,  and  then  purple;  with  the  least  ndmixim 
of  simple  carbonate  or  sesquicarbounto  of  soda,  tbe  precipitate  i«  reJdi< 
brown;  but  a  «ilt  not  saturated  precipitates  corrosive  sublimate  white,  ; 
prepared   by   tiio  third  process  And   not  quite  free  from  carbonate 
ammonia.  (Scbindler.) 

Bicarbonate  of  soda  ia  known  only  in  combination  with  water;  it 
iallize«  in  obliqno  four-sided  tables,  which  have  a  slight  alkaline  ta3t«, : 
action  on  turmeric  or  litmus,  turn  logwood  and  reddened  litmus  blue,  j 
syrup  of  violets  green.  (V.  Rose.) 


NaO... 
2CO« 
HO  ... 


VtO.  2C0*  +  Aq.  84-2 

NaO  . 
CO»  , 
HO 


Ctlcubtioo. 

31-2     ...     37-05 

44-0     ....     52-2« 

9-0    ....     10-69 

10000 


Strompyer. 
,.  3706  . 
,,  52-20  ., 
..     10-74     . 

rioo-ooT! 


R.Smitli. 
S7-»2I 
5200f  •• 
10-18  .... 


Bereel.    SdOodlcb 
89-26  ....    89-3 
10-74  ..„    IC 


100-00  ....  10000  „.  10 


V.  Rote. 
...    37    ... 

...     49    ... 
...     14     ... 


Berthnllet.  Bermrd. 

.     31-75     29-85 

.     44-10    49-95 

.     23-85     20-20 


100 


lUU'OO     100-00 


At  a  red  heat,   the  crystals  lose  tlieir  water  and  ono-half  of  th< 
carbonic  acid.     Tho  Joss  amounta  to  36-S  per  cent  (H.  Rose.)     Th^ 
remain  unaltered  in  dry  air,  but  in  moist  air  they  gradually  bccoq 
turbid,  then  opaque  and  alkaline.      In   the  state  of  powder,    the  sa 
is  decomposed  more  rapidly;  an<l  if  exposed   to   the  air  for  a  year, 
converted  into  sesquicarbonitte.     When  covered  with  a  little  water, 
gives  up  carbonic  aeid  in  the  air,  even  under  0',  but  more  rapidly 
proportion  as  tbe  temperature  is  higher,  till  it  becomes  changed  into  ti 
simple  carbonate,  aud  au  such  is  dissolved  by  tho  water.     But  a  solutia 
of  the  salt  in  14  ])art«  of  water  remains  unchanged  when  exposed  to  tl 
air,  (Scbindler.)     An  aqueous  solution  placed  in  a  vacuum  over  oil  i 
vitriol   evolves   carbonic   acid    without   intermission,   tliough    with    le 
rapidity  than  a  solution  of  bicarbonate  of  potash,  and  loses  13-94  per  cent? 
or  about  J  of  the  whole  quantity  of  oarVwuic  acid  contained  in  it.     If  tho 
solution  is  evaporateil  in  a  jar  containing  air.  over  oil  of  vitriol  and 
hyilralo  of  potash,  and  the  residue  di'ssolvcil  in  water  and  again  evapo- 
rated, carbonate  of  soda  is  left  behind  nearly  in  a  state  of  purity.    By  ill 
continued  boiling  of  an  aqueous  solution  of  the  salt,  2040  parts  of  the  52H 
per  cent,  of  carbonic  acid  are  evolved;  and  if  the  ebulhtiou  be  furih* 
prolonged,  nothing  but  simple  carbonate  rcm.ains.  (H.  Rose,  Poyy.  34, 158 
A  solution  heated  for  a  long  while  to  15%  loses  barely  i  of  its  carbon] 
acid-  (R.  Phillip».)    This  siilt  dissolves,  acconling  to  V.  Rose  (Scher.  At 
6, 52),  in  1 3  parta  of  cold  water;  according  to  BerthoUot  {X,  Gdd.  3,  53 
ja  8  p&rta. 
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Borate  op  Soda. — &.  Two-thirds  Boratb. — One  atom  of  borax 
beateO  to  rcdooss  with  excesii  of  carbonate  of  soda  expels  2  atoms  of 
carbonic  acid.  (Arfvedson.) 

b.  ^{oNOBORATB. — On  boilioff  a  mixed  oqueons  solution  of  borax  and 
CKrhotiato  of  eo<Ia,  carbonic  acid  is  evolved.  A  mixture  of  1908  parts 
(one  At.)  of  crystallized  borax,  and  .53-2  ports  (one  At.)  of  dry  carbonate 
of  aod»  is  heated  to  tbo  melting  point  of  silver.  At  first,  the  mass  swells 
Dp  considerably;  when  this  has  ceased,  it  is  to  be  pressed  together  and 
■gain  strongly  heated;  bat  even  then  it  does  not  melt.  The  mass  when 
cold,  tastes  caustic  and  alkaline,  and  dissolves  easily  in  water  with  disen> 
fVgvment  of  heat. 

Cvmbinalicniii  with  Water. 

m.  With  6  Atom*  of  Water. — When  the  S-hydrated  salt  fused  in  its  own 
Vitar  of  crystallization  is  cooled  to  0''^,  the  salt  a.  solidifies  in  confused 
CTfiUls,  vitli  separation  of  a  small  quantity  of  mother-liquor. 

(S.    WUli  8  Atoms  of  Water. — A  solution  of  the  dry  salt  in  hot  water  (if 

loo  small  a  quantity  of  water  is  used,  the  crystalliiation  is  rendered 

■tore  diflicult),  yields  on  slowly  cooling  in  a  covered  Tossel,  large,  oblique 

f^iimhic  prisms.     Angles  of  the  lateral  e«lge8,  about  130"  and  170";  those 

■-"!  lamcil  U-tween  the  oblique  terminal  face  and  the  lateral  edges  are  of 

''    I  tlip  same  magnitude.     The  crjit&ls  melt  at  HI"'  in  their  own  water 

''  "Mtullization;  .-iiid  from  the  fused  ma«  slowly  cooled  to  0°,  crystals 

'   !f  wilt  .*  separate.     When  the  salt  3  is  exposed  to  a  higher  tempera- 

'''  .  il  boils,  and  tben  solidifies,  swelling  up  more  strongly  than  borax,  to 

*  very  friable,  frothy  mass,  which  rapidly  absorbs  carbonic  acid  from  the 

»".   The  cryatalij  also  become  turbid  in  tlie  air,  and  are  gmdually  converted 

'  ■   :i  mixture  of  borax  and  carbonate  of  soda.     The  same  change  takes 

I '  "  in  the  solution  :  but  on  boiling  the  latter,  the  carbonic  acid  is  again 

fndnally  expelled.  (Berzelius,  Poffff.  34,  6G6.) 


N»0 

ro'  

CalcnUcion. 

31-2    47-27 

34-8    .„ 52-73 

N»0.  BC... 
6UO 

Calculation. 
66     ....     65 
54     ....     45 

BfTzdioa. 

55-15 

.......     44-85 

-N.O.  BO* 

WO    100-00 

NaO,  B0« 

8HO  

a.  _ 

CtlcolAtion. 
66     ....     47-83 
72     ....     5217 

120    ....  100 

Beneliiu. 

47-99 

52-01 

100-00 

^ 

138 

....  100-00 

100-00 

C  BtBORATE. — Borax,  Borax   Vaieta,  Pliviiu    Chrytncotta. — Found 

ia  eoBibtnalion  with  10  eq.  of  water,  as  Tinkal  or  Crude  Borax,  in  Asia. 

la   Ruritpo,  thin  substance   is   purified  from   the  earthy  imparities  and 

—     •  r  part   of   the   fatty  or  saponaceous  matter   adhering   to   it, 

1  in  water,  filtration,  and  slow  crystallization.     Borax  is  now 

'•■d  by  mixing  the  boracic  acid  obtained  from   Tuscany  with 

of  soda,  in    the   proportion  of  10   parts   of  acid  to  12  parts 

■■■/cd  carbonate  dissolved  in  hot  water.     Ordinary  coiamet- 

V-  be  jmri&ed  by  TeptaXod  crystallimUon ',  \>)  lu»\(iu  \V  v& 
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obtained  in  the  anhydrous  state,  as  a  clear  brittle  glass  (Glau  of  Borax' 
■which  melts  at  a  red  heat.  Vitrefied  borax  in  the  fiiwd  slate  diesol 
many  metallic  oxides,  and  is  therefore  uscfal  in  experiments  with 
blow-pipe,  in  soldering,  in  the  manufacture  of  glass,  and  as  a  flux  in 
smelting  operations.  Borax  has  an  astringent  and  somewhat  alkaline 
taste,  and  a  weak  alkaline  reaction  on  vegetable  colours.  Vitrefied  borax 
becomes  opaiiuo  in  the  air  by  absorbing  a  small  quantity  of  water. 
Mixed  with  cnarcoal-powder,  and  exposed  to  the  oxy-hydrogen  blowpipe, 
it  boils,  gives  off  a  white  smoke,  and  is  converted  into  a  black  substance 
which  becomes  white  in  the  air.  (Clarke-) 

Calcnlatioa.  Benelins.  Arfredaon.  Soaboran. 

Eip.  1.     Eip.l. 

NaO 31-2    ....    30-95     30-827     30-8      31-4     31-416 

aBO»    69-6     ....     69-05     69173     69-2      68-6    68  5li4 


NBOiaBC    100-8 


100-00     100-000     100-0    100-0    100-000 
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With  Water  it  form*:  a.  Bihorate  of  Soda  vntk  5  Atom*  of  WaUr.' 
Odolirrlral  Borax.  First  obtained  by  Buron,  and  afterwards  by  Payen, — 
Borax  is  dissolved  in  water  at  100'',  till  the  solution  has  a  specific  gnivit' 
of  1-246,  or  30'  Bm.  and  then  allowed  to  cool  slowly.  At  79°,  thooci 
hedroQs  begin  to  form,  and  continue  to  crystallize  out  till  the  teroperati 
fells  to  56',  when  ordinary  borax  begins  to  appear.  (Payen.)  A  soluti( 
of  specific  gravity  1-17  yields,  on  cooling,  nothing  but  ordinary  boi 
(Payen.)  If  the  solution  be  boiled  for  some  hours,  it  appears  to  yi 
more  octohcdral  borax  on  cooling,  even  when  cooled  below  56'^.  (Bun 
Sonbeiran  &  Pellerin,  J.  Pharm,  14,  170.)  Forms  regular  octohedroDs, 
of  specific  gravity  l-815j  harder  than  ordinary  borax,  with  a  brilliant 
conchoidal  fracture;  not  splitting  in  pieces  from  change  of  temptrature. 
They  become  opaque  in  moist  air  from  absorption  of  water. 

Calculation.  Payen. 

NaO.aBO" 100-8    ....     6914     6936 

5H0    45-0    ...     30-86     30-64 


Octohedral  Borax     145-8     ....  10000     10000 


p.  With  10  Atom*  of  Water. — Ordinary  Borax.  Crystalliies  from, 
less  saturated  solution  below  56°.  Vitrefied  borax  appears  to  l)e  co: 
pletcly  converted  into  the  10-hydrated  salt  by  exposure  to  the  air  for  sev 
ral  months  in  the  state  of  powder.  (Bliicher.)  Large,  transparent,  obliqw 
rectangular  prisms  belonging  to  the  oblique  prismatic  system.  {Fig.  lOi 
104),  105;  t  :  «=  106''7';  i  :  m=  90°;  m'  :  k=  91°  50';  u:t=  134'' 
5';  «:ot=135°  55'.  (Hauy.)  Sp.  gr.  =  174  (Kirwan,  Payen),  =^ 
J -757.  (Wattsou.)  It  flies  to  pieces  when  suddenly  heated.  Expoi 
to  the  air  it  eflloresces  on  the  surface  only,  and  becomes  opaque.  W'h 
heated  it  loses  water  and  swells  up  to  a  spongy  mass  {Calcined  Bon 
borax  usta),  which  runs  together  at  a  red  heat  into  glass  of  bo: 
Dissolves  in  12  parts  of  cold  and  2  parts  of  boiling  water. 


NaO ... 
260=1... 
lOHO 


Calculation.  Berzeliiu. 

31-2    16-35    16-31     . 

69-6     36-48     36-59     . 

90-0    47-17     4710    . 


Kirwan. 
..  17  . 
...  34  . 
...     49    . 


Bergman. 
...     17 
...     39 
...     44 


OniiioTjBonx     190-8 


100-00    100-00 


100 


100 
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4^^ 

IS2 

L.  Gmelin. 

17-8     .... 

35-G     .... 

46-6     .... 

Thoroaon. 
...     39-3) 

...     135J  

...     47-2     

Paycfl. 
..    53-05 
..     46-95 

1000     . 

.  .  100-0     

..  100-00 

^.  J.  QuADROBonATE. — A  solution  of  ordinary  borax  is  boiled  with 
Bal-omTDoniac,  in  the  proportion  of  2  equivalents  of  borax  to  one  of  sal- 
smmoniac;  ammonia  is  evolved  if  the  solution  i.?  kept  moderately  dilute. 
A«  soon  as  the  gas  ceases  to  escape,  the  liquid  is  filtered  and  very  slowly 
evaporated,  when  two   crystalline   crusts   separate,   one   falling   to   the 
bottom,    the   other   floating   on  the   surface,    although  they  possess  tho . 
same  appeannce  and  chemical  properties.     They  are  either  niilk-whitol 
or  transparent,  and  have  a  vitreous  lustre.     When  heated  they  lose  water! 
and   swell  up,  but  not  so  strongly  as  borax.     They  dissolve  in  5  or  81 
parts  of  water  at  ordinary  temperature45.     A  solution  of  this  kind  gives  a 
gnoular  ))recipitatc  of  boracic  acid,  even  with  dilute  acids.     It  precij)i- 
tates  solutions  of  nil  the  salts  which  are  thrown  down  by  borax,  but  the 
precipitates  frequently  differ  in  colour  and  solubility  from  those  obtained 
with  borax.    Like  the  latter,  however,  they  lose  boracic  acid  when  washed 
with  water.     Tho  solution  is  neutral  to  test  paper. 

Calnilstion.  BoUejr. 

N»0    „.„ 31-2    11-92  11-50 

4BO'  _. 139-2     53-46  53-8B 

lOHO 90-0     34-61  34-61 


260-4     99-99     99-99 

(P.  Bolley,  Ann.  Pharm.  68,  122,  1848.)  T. 

e-  Sr.xBOBATE. — The  aqueous  solution  of  borax  mixed  with  boracic 
acid    till    it   no   longer    reddens   turmeric,  yields    by   evaporation   and 
cooling,  tabular  crystals,  which  havo  a  cooling  taste,  like  nitre,  and  are 
Dcutnil    to   vegetalde  colours.     When  heated,  they  swell  up,  evolving  a  , 
»mall   quantity  of  boracic  acid,  and  afterwards  melt  to  a   clear  glass,! 
Those  crystals  eontnin,  according  to  Tiinnermann,  (Jitutn.  Arch.  20,  8),' 
30  per  cent,  of  water.     If  2  atoms  of  sulphuric  acid  are  added  to  an 
aqaeuos  solution  of  3  atoms  of  borax,  the  mixture  does  not  redden  litmus, 
(necause  sexbomte  of  soda  is  formed); 

3(N»0.2BO')  +  2SO'  =  N»0.6B0»+  2(N»0,SO>); 

Lul.  .'n  the  addition  of  one  atom  more  of  sulphuric  acid,  the  liquid  slightly 
rtd'l'iT*  the  litrans,  because  tho  boracic  acid  is  completely  liberated; 
and  if  one  drop  more  be  added,  the  litmus  acquires  a  bright  red  colour 
from  the  excess  of  suljthuric  acid.  (Laurent,  Jnn.  C'fiim.  Phyt.  67,  218; 
wid.  I.,  152.) 


Sodium  and  Phobphobus. 


A.  PeoBpniDE  OF  Sodium. —  Behaves,  according  to  Gay-Lussoo  & 
Thrnarfl,  like  phosphide  of  potainsiuni.  Lpnd-coloured ;  burns  when 
kitted  in  the  air,  and  is  converted  into  phosphate  of  soda.  (H.  Dvf^.^ 
Aceording  to  Gay-Lusi^ao  Ji  Tbcn&rd,  tLo  compound  o\)VMned\-j  V«»Xffik% 
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sodiom  to  rednees  in  contact  tvith  glacial  phosphoric  acid,  has  the 
properties  as  that  which  is  formed  when  potaesiiun  Is  used. 

B.  HypoPHOspniTE  op  Soda. — Hypophosphitc  of  lime  is  decomf 
by  carbonate  of  soda,  and  the  alcoholic  solution  left  to  evaporate  in  vacDf^ 
Crystallizes  in  tables  which  appear  to  be  rectan^lar,  and  have  a  pearly 
lustre.  At  a  red  heat  it  erolvos  spontaneously  indammable  pfaosphu- 
retted  hydrogen  gae.  Very  deliauescent,  but  somewhat  less  eo  than  tbo 
potash-salt.  (U,  Rose.)  It  also  dissolves  very  readily  in  absolute  alcohoL 
(Uulong.) 

G.  Phosfhite  op  Soda. — Rhombohcdrons  inclining  to  the  cnbical 
form;  very  soluble  in  water  and  alcohol.  (Dulong.) — An  aqueous  solutioj 
of  carbonate  of  soda  neutralizeil  by  pure  phosphorous  acid  and  evaporat 
in  vacuo  to  a  syrupy  consistence,  yields  crystals  which  evolve  hydroge 
gM  on  being  heat«d.  (H.   Rose,  Poffg.  9,  28.) — Fonrcroy  &  Vauquelia 
obtained  with  Pelletier's  phosphorous  acid  and  soda,  inclined  four-side 
prisms,  squiu%  laininte  and  feathery  crystals,  having  a.  cool  pleasant  t&st 
and  containing  23'7  per  cont.  of  soda,  I6'3  of  phosphorous  (?)acid,  and  60 
per  cent,  of  water,^-efflorescent,  giving  out  a  yellow  flame  in  the  fir 
and  dissolving  in  2  parte  of  cold,  and  nearly  the  same  quantity  of  ho 
water. 

D.  ORDrNARY  Phosphate  op  Soda. — One  atom  of  phosphoric  aei( 
mixed  with  solution  of  soda  in  excess,  or  fused  with  an  excess  of  C' 
nate  of  soda,  takes  up  3  atoms  of  soda  and  forms  the  salt  a  ;  from  a  sol 
tion  of  carbonate  or  acetate  of  soda,  it  takes  up  but  2  atoms  of  soda, 
with  one  atom  of  water  forms  the  salt  6;  heated  with  common  salt 
unites  withonlyoneatomof  so<la,  and  with  2  atoms  of  basic  water  fonns  th( 
salt  c.  (Graham.) 

o,  TBiPHospnATE. — Described  by  Thomson  {Ann.  Phil.  26,  381 
Poff^.  6,  SO)  as  |)liosphocarbonnte  of  soda.     One  atom  of  diphosphate  (t. 
heated  to  redness  with  an  excess  of  carbonate  of  soda  expels  one  atom 
carbonic  acid,  and  thus  combines  with  one  atom  more  of  soda.  (Mitsche: 
lich.)    This  .salt  is  also  formed  when  di pyrophosphate  of  soda  is  heaioil 
rednees  with  caustic  soda  or  carbonate  of  soda,  or  when  the  mixed  solutio; 
are  simply  evaporated  to  dryness;  but  by  mere  boiling  with  solution  ol 
soda,  even  for  many  hours,  the  pyrophosphate  is  not  altered.  (Graham.) 
When  the  crj'stallizcd  salt  is  heated  to  redness,  a  mass  is  obtained  which, 
does  not  fuse  by  increase  of  temperature, — but  if  heated  in  glass  vesseli 
corrodes  them  like  caustic  soda.  (Graham.) 

Crt/dallizetl. — To  a  concentrated  solution  of  ordinary  diphosiihato  

soda,  at  least  half  as  much  soda  as  it  contains  is  added  in  solution,  thWj 
liquid  evaporated  till  a  film  appears,  and  left  to  cool.  The  salt  crystAl- 
lizos  out,  and  the  uiother-liquor  retains  nothing  but  the  excess  of  sod&. 
The  crystals  freed  from  the  liquid  are  rajiidly  dissolved  in  twice  the  quan- 
tity of  hot  water,  the  liquid  filtered,  and  then  left  to  crystallize.  (Graham.)  ^d 
Thin  six-sided  prisms  perpendicularly  truncated,  with  two  more  obtuss^^| 
and  two  less  obtuse  summits.  Permanent  in  dry  air.  (Graham.)  Taste, 
cooliug  and  alkaline.  (Thomson.)  They  melt  at  76'7°.  Heated  to  red- 
ness in  a  platinum  retort  (to  keep  off  carbonic  acid),  they  lose  55-19 
per  cent,  of  water,  bol  still  retain  nearly  one  per  cent.,  which  may  b« 
nearly  all  cx;>ello<l,  if  the  mass  be  powdered  and  again  heated  to  rednoM; 
oomplctelj  and  readi)j,  howevor,  by  bgating  to  rodness  with  oxide  of 
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Ind,  or  mooophosphaU)  of  soda;  tbe  total  loss  of  water  then  araonnts  to 
between  55-99  and  5G-05  per  cent.  H.  Gerhardt  (J.  de  Pharm.  12,  57) 
finds  tbat  this  last  atom  is  reabsorbed,  with  disengagement  of  heat,  when  the 
anhydrous  compound  ia  treated  with  water;  hence  lie  assumes  tbe  formula 
of  tho  salt  to  be  3NaO,  HO.PO'  +  Aq.  1.  The  salt,  when  exposed  to  the 
air  in  the  state  of  aqueous  solution,  absorbs  carbonic  acid,  and  is  converted 
into  diphosphate,  and  ultimately  into  carbonate;  other  equally  feeble  acida 
iJ*o  withdraw  the  third  atom  of  soda.  It  expels  ammonia  from  nitrate  of 
uumouia.  With  nitrate  of  silver  it  gives  a  yellow  precipitate  of  tri- 
phosphate of  silver,  the  supernatant  liquid  becoming  neutral.  One  part 
of  the  crystals  dissolves  in  5-1  parts  of  water  at  15-5°.  (Graham.) 

AnbTilroiu. 


SNaO  . 

. „,...    93-6 

56-73 

ePO» 

71-4 

.     43-27 

3N»0,cPO» 

„.  165-0    . 

100-00 

Jiud. 

..     24-57     

..     18-74     

..     56-69     

.-JNtO 

Cryjt*! 

93-6    

71-4    

Graham. 
24-70 

ePO«  

18-60 

24HO 

216-0    .... 

56-03 

3NtO,  cPO»  +  2 

lAq 

381-0     

..  100-00     

99-33 

I.  DipnosPDATE. — Pliofphatt  of  Soda  (simply),  Neutral  Phogphfttc  of 

,  Hal  MirabiU  Perlrttnvi,  Pearl  Salt. — Found  in  several  animal  fluid.^, 

Jly  in  urine.    It  may  be  prepared  by  adding  carbonate  of  soda  to  the 

DOS  phosphoric  acid  obtained  from  bone-ash  (II  ,129) — the  liquid  being 

kept  St  a  boiling  temperature,  and  the  carbonate  of  soda  added  as  long  aa 

ffcrrescenct'  continues  ;  filtering  to  separate  phosphate  of  lime  and  mag- 

»ia;   hoilinj;  the  liquid  down,  and  leaving  it  to  crystallize.     To  purify 

Ibc  suit  completely  from  lime  and  magnesia,  the  solution  mixed  with  car- 

nate  of  soda   is  evaporated  to   dryness,  redissolved,  filtered,  and  then 

to  crystallize  as  before.  (Berzclius.)     Any  arsenious  or  arsenic  acid 

libly  mixed  with  the  jihospboric  acid,  is  completely  thrown  down  with 

be  lime.  (Authon,  B*j>ert.  5'J,  338.) — This  salt  is  known  only  in  combi- 

ftlioD  with  water. 

With  one  J /oat  of  Jiaiie  Water. — The  salt  /3  or  y  is  heated  to  300' 
L/lark),  or  placed  in  vacuo  over  oil  of  vitriol  for  some  days.  (Bliicher.) — 
Vbito  maso,  having  a  eligfatly  saline  but  not  unpleasant  flavour,  aud 
inging  the  colour  of  violetfl  to  green.  At  a  red  heat  it  fuses,  and  is 
nTcrtcd  into  dipyrophnsphate  of  soda,  with  loss  of  6-26  per  cent,  of 
later.  (Clark,  Sdiw.  57,  428.) 

Calculation.  Clark. 

2NaO _ 62-4     437 

HO _— 9-0    6-3    6-26 

«PO»  „..     71-4    50-0 

«KiO,  HO.  fPO» 142-8    .„ lOO-O 

8.   With  MM  A  torn  of  Batic  Water  and  1 4  J  toww  of  Water  of  CrystaUhtt' 

v. — Korniod  by  evaporating  the  aqueous  solution  at  33^  and  leaving  it 

r*talliMi.     Tho  crystals  have  the  same  form  as  those  of  arseni.ttc  of 

rith  15  at^im^  of  water.     They  do  not  effloresce  in  tho  air;  but  at 

kSOO'  they  Ifwifl  47-63  per  cent,  of  water,  and  at  a  red  beat,  3-47  I>or 

at  more.  (Clark,  Ed.  J.  of  Sc  14,  311 ;  also  Sckv.  51,  ^<VV.') 
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SNaO 

SODlUSf. 

Cslcul 
62-4     .... 

atioD. 

....     2.3-211 
....     26-56/  ■  •• 
....      3-35     .... 
....    46-88    .... 

Cl»rlc. 

ePO»  

HO 

14HO 

71-4    .... 

9-0    ... 

126-0    ... 

...     48-90 

....      3-47 
....     47-63 

2NaO,  HO,  ePO'  + 

14Aq.    268-8     ... 

. ..  10000     .... 

....  100-00 

y.   With  one  Atom  o/Batic  Water  and2i  Atonuo/WaterofCryitaUia 
tion. — The  phosphate  of  soda  of  the  Pharmacopeias. — An  lujueoas  solatia 
of  iho  salt  is  evaporated  ami  loft  to  crystallize  in  the  cold.     Transpareai 
oblique  rhombic  prisms.    Crystalline  system,  the  oblique  prismatic,    (^^J 
9G,  .97,  98,  99,  100,  and  others.)  i  :  (  =  1-21°  30* ;  i'  :  a  =  148"  30' ;  i 
=  142"  9*;  i  :/ (backwards)  =  129°  12';  t  :  A  (backwards)  =112"  5'J 
«  :  «•  =  67°  50* ;  «  :  <  =  123°  55' ;  u'  :  m  =  146'  5';  «  :  A  =  140 

14';  t  :/ (backwards)  =  129"  12'; 


(Mitacherlich.)     i  :  t  =   121' 

(bnckwards)  =  112°  27';  u  :  «'  =  67°  3(Jf ;  u  :  t  =123°  45';  n'  :  ,„  _ 
146'  15'.  (Brooke,  .4 nil.  T'At/.  22,  286.) — The  cryslal.s  effloresce  rapidlj 
in  the  air.     According  to  Clark,  they  effloresce  at  a  temi)erature  betwe 
11"  and  17',  and  are  converted  into  the  salt  S-    According  to  Gay-Lus 
they  lose  in  very  dry  air  31 '7  per  cent,  of  water — that  is  to  t^av — a  littlj 
more  than  half  the  whole  quantity.    In  vacuo  over  oil  of  vitriol  they  l«i 
in  4  day.'!  5984  per  cent.  (24  At.)  ;  and  if  exposed  in   this  6t:ite  to  th4 
air  during  the  month  of  August,  they  reabsorb  34-61  per  cent.  (14  At. 
{Blucher.) — The  crystals  fuse  at  a  gentle  heat,  and  at  about  300°  lo 
60-03  per  cent,  of  water;  at  a  red  heat,  they  give  up  2-49  per  cent,  mor  _ 
and  are  converted  into  dipyrophosphate  of  soda.  (Clark.)    The  salt  whea 
heated  to  fusion,  continues  fluid  for  a  long  time  after  cooling;  then  become 
8yrui>y,  and  at  lost  solidifies  to  a  radiated  mass,  having  a  silky  lost 
(Marx.) 


Ordinary  pbosplute  of 

Tli.'- 

Bcr- 

Gra- 

Mala. 

Long. 

H>da. 

nitrd. 

zeliiu. 

Clark. 

guti. 

champ. 

2N«0 62-4 

17-39 

17 

17-67) 
20-33 

37-48 

371 

16-71 

tl'0»  71-4 

19-90 

15 

18-80 

18-78 

HO    90 

24HO    ....  216-0 

2-511 
60-20 

66 

62-00 

2-49 
0003 

62-9 

64  23 

b.y 358-8 

10000 

98 

100-00 

10000 

100-0 

99-76 

This  salt,  according  to  Clark  and  Graham,  is  2NaO,HO,f  PO'  +  24  Aq.j 
according  to  Malaguli  {Compt.  rend.  l;'>,  229;  also  t/.  pr.  Clievi.  27.  51)jL 
it  is  2NaO,HO,  cPO"  +  26  Aq.    Clark  comminuted  his  crystals,  and  freed 

theni  between  bibulous  paper  from  any  adhering  mother-liquor  previously i 

to  iinaiysint;  them.  {^Yid.  Longchamp,  Compt.  raid.  15,65;  also  y.  pr^H 
Chem.  '21,  46.)  ^| 

i.  In  nolution.     The  salt  y  dissolves  in  4  parts  of  cold  and  2  parts  of 
hot  water.     The  solution  has  the  power  of  absorbing  a  considerable  quan-J 
tity  of  carbonic  acid  ga«,  after  which  it  effervesces  with  the  stronger  acids,! 
and  tiligiitly  reddens  litmus  paper,  but  much  less  so  than  carbonic  acid 
water.  (Pagcnstecher,  Jirpert.  72,  318.)     The  solution  boiled  for  three 
weeks  in  glass  vessels,  attacks  them  a  little,  and  on  evaporation  yield 
scales  having  a  silky  lustre  and  the  composition  of  the  salt  y;  by  recrys 
talli7.ati(in  the  ordinary  crystals  of  this  salt  are  obtained.  (Graham,  Poy>/.\ 
32,  .J4.) — The  solution  precipitates  triphosphate  of  silver  from  the  nitrat 
setting  free  one-third  of  the  nitric  acid.  (Clark.) 
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c.  Simple  ob  Monophosphate. — Generally  designated  as  J tfi(f  P/to«- 
fihaU  of  Soda. — 1.  Phosphoric  acid  is  added  to  the  solution  of  b,  till  the 
mixture  no  lonj^r  precipitates  chloride  of  biiriumj  it  is  then  evaporated  to 
•  •m&ll  bulk,  and  left  to  crystallizo  by  itself  for  some  days.  (Mitschorlich.) 
If  enougli  phosphoric  acid  oe  added  to  an  aqueous  solution  of  soda,  to  ren- 
der the  Huid  neither  acid  nor  alkaline,  the  diphosphate,  whicli  has  an  alka- 
Hue  reaction,  will  crystallize  out  first,  and  the  acid  phosphate  afterwards. 
If  tfoda  lifi  mixed  with  phosphoric  acid  in  excess,  all  the  excess  beyond  one 
atom  may  bo  seimratcd  by  alcohol,  while  the  acid  salt  will  remain  in  solu- 
tiou  at  (he  bottom,  .and  after  some  time  will  aj^sume  a  solid  crystalline 
form.  (Bcrxelius.)  1.  2.  When  alcohol  is  added  to  a  solution  of  ordinary 
phosphate  of  soda  in  nitric  acid,  acid  phosphato  of  soda  separates  in  the 
enfetaliine  form,  and  nitrate  of  soda  remains  in  solution.  (A.  Schwarzen- 
t«g  )  If- 

Crystallizes  always  in  combination  with  the  same  quantity  of  water, 
in  two  forms,  not  reducilde  one  to  the  other,  on  account  of  their  jieculiar 
II  ■  lations,  but  both  l)elonging  to  the  right  prismatic  system.     (I.) 

'•  ho-m.     The  primary  form  is  a  right  rhombic  prism  :  {Fiy.  61, 

C2,  Wuiid  other  forms.)    v}  xu^  93°  54';  p  :  u  —  90";  p:a=  125='"  25^'; 
p  :  y  =  1.34"  18';  &c.  ic. — (2.)  Second  form,  whiJt  it  also  that,  of  tlu 

■h  of  diorfcniate  of  tod  a.  Primary  form,  an  octohedron  with  rectan- 
1  baeo :  /'iV/.  54  (never  ap]H>aring  by  itself),  64  and  others,  u  :  u'  =  78* 
SO*;  1  :  t  =  12C''  53';  i  :  li  =  ler  34';  a:u=  128-  18';  i:u=  106^ 
2&,  Kc,  (Mitscherlich.)  By  rapid  evaporation,  scaly  crystals  are  obtained. 
It  irddcii.t  litmus.  Of  the  4  atoms  of  water  belonging  to  the  crystals,  2 
:iii.riit  which  constitute  the  water  of  cr_\'stallization  go  off  at  100',  and  the 

iv.s  of  basic  water  are  retained.  Of  the  two  latter,  one  atom  escapes 
...  .v.cvn  IDO"  and  204°  (;J74'  and  399°  2'  F.)  leaving  monopyrophosphate 
of  soda;  and  the  last  atom  is  almost  entirely  given  up  between  204"  and 
244"  ;3y9'  2'  and  471"'  2'  F.),  when  raotaphosphatc  of  soda  (a)  remiiins;  this 
i*  ©onvcricd,  just  l>elow  a  red  heat,  into  the  metupho-sphate  b,  and  at  a  red 
liMtl  into  the  mctaphosphate  c.  By  heating  the  crystals  rapidly  to  204'', 
tbcy  l>econio  semi-fused  and  boil  up,  lose  3  atoms  of  water,  and  are  con- 
vtTtcii  into  nionupyrophosphatc  of  soda.  (Graham.)  The  salt  dissolves 
vrry  easily  in  water,  but  not  in  alccdiol. — In  solution  it  precipitates  the 
nitrate  of  silver  yellow,  as  a  tri-acid  .salt;  im])erfectly,  however,  unless  the 
aitric  acid  ect  freu  is  neutralized  with  ammonia.  (Graham.) 

Dried  at  100°.  Graham. 

N«0 31-2     25-871 

cPO» 71'4     59-20/       


2HO _„ 


IS'O 


M-93 


84-7 
15-3 


N«0,  2HO.  cPO».,..  120-6     10000 


N»0.. 
4HO. 


Crystallized. 

31-2     22-511 

71-4     51-521 

360     25-97 


100-0 

Mitsrherliob, 
Graham. 

73-7G 

26-24 


N.0, 2HO,  cPO»  -t-  2Aq.   138-6    100-00        100-00 

E.  Pyuophosphate  op  Soda. — a.  Dipyrophotphute.  Obtained  in  the 
anhydrous  state  by  heating  to  redness  the  common  diphosphate  of  soda, 
I*,'''.  It  fuse.4  at  a  rod  heat  to  a  transparent  glass,  which  crystallizes  on 
n.iliiJL'  til  a  white,  opaque,  angular  mass.  Dissolved  in  water,  it  exhibits 
ail  ilk.iiine  reaction.  (Clark.)    Healed  to  bright  ioAue6a-w\v\\  W\tft  \\a 
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weight  of  ch»r«*l,  it  yields  phospbomg.  (Sanssnrc.)  (Doea  tbe  Bilica  of_ 
the  retort  contribute  to  this  result? — Gmelin.)  The  dry  salt  diasolred  i( 
wat€ir,  yields,  on  cooliogj  crystals  containing  10  atoms  of  water.  (Clark.J 
100  parts  exposed  to  the  air,  likewise  absorb,  in  a  few  weeks,  66'8  par"' 
(10  At.)  of  water,  and  no  more;  in  vacuo  over  oil  of  vitriol,  this  water  i 
a^n  piven  np.  (Von  Bliicher,  Pogg.  60,  542.)  The  crystals  belong  tfl 
the  obliooe  prismatic  system  (Fig.  »9),  »  :  m  =  1  ll"  48*  i  :  a  =  119'  36'| 
i:/backward8  =  I18°22'j  »:•  =  123"  Sa*;  i  :  A=  103°  24';  m  :/=d 
109"  50';  m  -.a^  121°  43';  to  :  A  =  107"  30*;  n  :  a,  over  a,  =  101°  Slj 
(Haidinger.)  At  a  temperamro  still  under  redness,  the  crystals  lose  i 
their  water,  except  a  trace.  (Clark. ) 

This  salt  diasolres  less  easily  in  water  than  the  ordinary  dipho.^hate 
of  soda.  With  nitrate  of  silver  it  gives  a  white  precipitate  without  libe 
rating  nitric  acid.  (Clark,  Ed.  J.  of  Sc.  7,  298;  also  Sdtvi.  5",  421. _ 
The  pyrophoKphoric  acid  contained  in  a  solution  of  this  salt  is  not  coa^ 
Tprtetf  into  ordinary  phosphoric  acid  when  boiled  by  itself,  but  rapidlj 
when  boiled  with  phosphoric,  sulphnric,  hydrochloric,  nitric,  or  acetid 
acid.  (Stronmeyer,  Sch-w.  68, 132.)  The  salt  boiled  with  water  for  thr 
weeks  in  a  glass  flask,  powerfully  corrodes  tlio  glass,  and,  combinini 
with  its  alkali,  passes  into  the  state  of  ordinary  triphosphate  of 
(Graham.) 

Anhydrous. 

«N«0  62-4    _    46-64 

»PO« 71-4    53-36 


2N»0. 6PO» 133-8 


100-00 


CrystalUxed. 

2NaO 62-4     27-891 

«PO»  71-4     31-90J 


lOHO 90-0 


40-21 


Clark. 
59-28 
40-72 


2N»0,  H'0»  +  10.\q 223-8     100-00         lUOOO 

h.  Jfonoptfrophoiphate. — 1.  Formed  when  the  ordinary  tnonophosphai 
or  acid  phofphate  of  siMla,  D.c,  ia  exposed  some  hours  to  a  heat  between  19< 
and  204°  (374-  and  3U9°2'  F.)  whereby  it  loses  3  atoms  of  water  an< 
retains  1  atom,  which  is  not  driven  off  even  at  235^  (455"  F.).  (Graham.) 
— %  2.  A.  Schw.-u-zenbcrg  (Ann.  I'harm.   65,   2)  prepares  thi.-<  i!alt   by 
dissolving  the  neutral  compound,  either  crystallized  or  after  fusion,  in 
acetic  acid  (whereby  cold  is  produced),  and  adding  alcohol.     The  acid  sal 
scpamtcs  in  a  cr^'stalline  form,  and  is  washed  with  alcohol,  while  acetal 
of  soila  remains  dissolved  in  the  alcoholic  liquid.     It  forms  a  white  cryi 
talline  powder,  readily  soluble  in  water;  by  allowing  a  solution  of  th 
neutral  suit  to  mix  slowly  with  a  stratum  of  alcohol  carefully  poure< 
np<)n    it,    the   acid  salt  may   be   obtained   in   regular   crystals.  IT     Th( 
ctflorcsccd  mass  dissolves  easily  in   water.     The  solution    has   an   acid 
reaction,  and  yields  by  evaporation  a  white  friable  crust,  but  no  crystals. 
It  priH-ipitates  chloriik-  of  barium,  and  when  mixed  with  nitnite  of  silver, 
throws  down  white  pulverulent  pyrophosphate  of  silver,  setting  half 
the  nitric  acid  at  liberty.     Solution  of  soda  converts  it  into  dipyrophi 
phateof  soda,  E,a.  (Graham.) 

Calrulalion.  Gnhun.  Sdiwsrxenberg. 

JW)..„ 31-2     27-9S1  gi.gg  (27-50 
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F.  METAPnoBPnATB  OP  Soda. — According  to  the  degree  of  heat 
awd  in  iLb  fonn&tioD,  this  salt  appears  in  threo  different  forms,  which 
thoogh  the  same  in  composition  (NaO.aPO'),  possess  different  properties, 
a*  if  the  pyruphoephorio  acid  passed  by  a  gradoal  transition  into  met»- 
phoric  acid. 

a.  Sliffhlly  healed.  If  the  simple  pyrophosphate  of  soda,  E,  i  (or 
the  common  acid  phosphate)  is  kept  for  some  days  at  a  temperature 
between  205-'  and  244°  (40r  and  471-2"  F  )  it  retains,  of  the  26-24"  i>er 
eent.  of  water,  only  2-73  per  cent.,  and  if  heated  to  near  315"  (500"  F.) 
only  U-37  per  cent.  The  residue  is  eoluhle  in  water,  with  the  exception  of 
about  7  to  IS  per  cent,  of  the  salt  h,  which  is  formed  at  the  same  time. 
The  filtered  solution  is  neutral,  and  when  evaporated  dries  up,  withont 
3'ieIdiDg  any  cryatals,  and  forms  a  white  crust,  which  contains  10-36  per 
c>-nt.  of  water,  after  being  dried  at  100°.  The  solution  precipitates  chloride 
of  barium;  gives  with  nitrate  of  silver  a  white  precipitate  of  pyrophosphate 
of  silver,  nitric  acid  being  set  free;  and  when  treated  with  sulutiuu  of 
scia.  is  converted  into  crystallizable  dipyrophosphate.  (Graham.) 

A.   Strongly  heated,  ituoluhle.    Formed  when  the  salt  D,c,  or  E,6,  or  F, 

I  for  some  roinutos  not  quite  to  redness.  If  the  heat  is  slowly 
Oi  i  dense  heavy  powder  is  obtained;  but  if  rapidly,  the  salt  fuses, 
unl  a  bard  semi-vitreous  mass  is  produced.  Both  varieties  behave  alike; 
Un»  powder  scarcely  dissolves  in  boiling  water,  even  after  a  long  time. 
Aciiis  have  no  action  on  it,  and  solutions  of  the  alkali.s,  after  long  diges- 
tion, extract  only  a  portion  of  the  phosphoric  acid.  (Gnihani.)  According 
to  Liebig,  the  phosphoric  acid  thus  separated  combines  with  the  alkali  in 
the  form  of  tribasic  phosphoric  acid.  ^  Maddrell  {Mem.  of  C7iem.  Society 
of  London,  3,  273)  prepares  a  similar  moditiciition  of  the  metaphosphato 
by  ittjiting  nitrate  of  soda  with  phosphoric  acid  of  a  syrupy  consistence, 
and  removing  the  soluble  portions  with  water.  The  residue  is  anhydrous, 
and  nearly  insoluble  in  water,  but  dissolves  in  acids  whether  conoentnited 
or  dilate.  ^ 

e.  /t/nited.  Ordinary  monophosphate  of  soda  heate<l  to  redness  enters 
into  fusion  withont  acting  on  glass,  and  yields,  on  cooling,  a  clear  glass, 
'I  ■     '  a  sweetish,  not  acid  taste,  reddens  litmus,  deliquesces  in  the  air, 

I.  ives  in  water  without  producing  heat.  (Proust.)     It  dissolves 

I I  r .  r«.<aUily  in  water  and  alcohol.  The  acid  reaction  of  the  solution  is  so 
». -iV-   thnt  4'3  parts  of  dry  carbonate  of  soda  added  to  a  solution  con- 

'  '0  parts  of  the  fused  salt,  even  produce  an  alkaline  reaction.  The 
.  aporates  at  38°  in  the  air,  becomes  clammy,  and  ultimately  dries 
n[i  tii.i  transp.irent  gum.  This,  after  being  dried  in  vacuo  over  oil  of  vitriol, 
contains  11-14  parts  (1-23  At.)  of  water  in  102-0  parts  (1  At.)  of  tho 
•ail.  When  it  is  exposed  to  a  temperature  of  204°  for  some  days, 
only  S'44  parts  (not  quite  1  At.)  of  water  remain,  but  it  apjicars  to  be 
changed  into  monopyrophosphale  of  suila  {V,,(t).  A  solution  of  this  salt  I 
doM  not  alter  by  long  kee]>ing,  and  not  oven  by  being  boiled  with  soda;  ' 
bnt  when  it  is  completely  boiled  down  with  soda,  and  the  residue  strongly 
licmted  in  a  sand-bath,  ordinary  triphosphate  of  soda  is  the  result.  (Gra- 
tiun*  ^"fftr-  32,  56.) 

•5  2.  Pyrophosphate  of  soda  prepared  from  ordinary  phosph.ito  is 
mixed  with  an  equal  weight  of  sal-ammoniac,  and  rapidly  beiitcil  to 
rednem;  ammonia  ie  disengaged;  and  after  the  excess  of  sul-amnioniac  has 
been  expelled,  the  residue  consists  of  a  mixture  of  metaphospliate  of  soda 
and  diiorido  of  sodium.  This  mixture  is  Itoiled  with  alcohol  diluted 
v^itb  an  eqoal  weight  ol  water,  which  diusolvco  i\ie  common  «?\\,  «ii\ 
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leaves  pare  metapbospkate  of  soda.     The  salt  thus  obtained  taaea  to  a 
beautiful  trunsparent  glass,  which  deliquesces  in  the  air.     A  solatioa  of 
pyrophosphate   of   soda,    when    boiled   with    sal-amuioniac,    diiieng:ige* 
ammonia.  (Jamieson,  Arm.  Pharm.  59,  350,   1846.) — 3.    By   expo«ia  "" 
microcosmic  salt  to  a  regular  and  slowly  increasing  heat,  dissolving  tl 
residue  in  water,  and  evaporating  to  the  crystallizing  point.     Tho  be 
crystals  are  obtained  by  exposing  the  liquid  in  a  flat  vcsbcl  to  the  air 
a  temperature  of  30°.  (II.,  133.)     Tho  salt  crystallizes  in  oblique  rhomb 
prisms,  a  :  b  =  120°;  a  :  c  =  73"  30*;  6  :  e  =  84='  30'.    The  crystals  coa 
tain  4  atoms  of  water.   The  salt  dissolves  in  4-5  parts  of  cold  water;  h»ai 
purely  saline,  cooling  taste;  and  remains  for  a  long  time  undecom posed  in  ( 
cold  aqueous  solution.   After  boiling  for  some  time,  the  liquid  acquires  ; 
acid  reaction.     Insoluble  in  absolute  alcohol;  dissolves  with  very  gre 
difficulty  even  in  dilute  alcohol.  (Fleitmann  <k  Henneberg,  j4fin.  Phan 
65,  304.) 

FlriCmuui  &  i 
CalcuUtioD.  Maddrell.  Henuebetg. 

N»0 31-2    3010        30-117 

•PC    71-4     69-90        69-883        7018 

NaO.aPC...  102-6     10000        100000 

Fleitmann  &  Henuoberg  have  likewise  i)reparcd  the  compoanj 
CNaO,  4P0'  and  ONaO, 'PO',  by  fusing  together  a  misture 
2(6NaO,3PO')  +  (6NaO,(iPO»)  thit  is  2N.aO,  POHNaO,  PO*;  or 
mixture  of  (6NaO,  2P0')  +  (6NaO,  CPO") — or,  according  to  the  ordinar 
view,  3NaO,  P0>  +  3  (NaO,  PO')— which  corresponds  to  187-27  parts  ' 
metaphosphate  of  soda  and  100  partj  of  tribasic  phosphate  (D,o).  TL 
second  compound  is  obtained  in  a  similar  manner  by  fusing  2(6NaO,  6PC 
with  (UNaO,  3P0')  or  307-5  parts  of  metaphosphate  of  soda  with  1( 
parts  of  pyrophosphate.  (Vid.  II.  134.)  From  the  solutions  ofthe.se  ne« 
salt.8,  the  corresponding  coDipounds  of  the  earths  may  be  prepared,  and 
likewise  the  compound  (4NaO,  '^HO,  4P0')  by  dissolving  the  anhydroit 
salt  in  acetic  .acid,  and  precipitating  with  alcohol.  It  must  be  observed 
however,  that  the  existence  of  these  uew  sails  is  not  satisfactorily  esti 
blishcd;  and  MM.  Laurent  &  Gerhardt  are  inclined  to  regard  them 
nothing  more  than  pyrophosphates  of  soda  intermediate  between  thj 
neutral  and  acid  salts  already  known,  inasmuch  as  in  the  analyses  i 
Fleitmann  &  Henneberg  the  water  was  merely  determined  by  loss,  and 
the  absence  of  soda  in  the  precipitates  was  not  proved.  (Vid.  Comptu 
rend,  dcs  Travaiuc  de  Cfiim.  1,  12,  1849.)  «[ 


Sodium  and  Sclfbdb. 


A.  MoNosuLVBiDE  OF  SoDiUM. — Sodium  and  sulphur  unite  whe 
heated  tngether,  giving  rise  to  vivid  iuflammation  (H.  Davy,  Gay-Lus- 
sac  &  Thenard);  also  at  ordinary  temperatures  (VVinkelblech). —  1.  By 
heating  to  redness  a  mixture  of  sulphate  of  soda  and  charcoal,  a  flesh- 
coloured  mass  is  obtained,  which  volatilizes  at  a  red  heat,  burns  gradually 
if  heated  in  the  air,  producing  sulphate  of  soda,  and  dissolves  in  wat 
with  disengagement  of  heat.  (Berthior.)  According  to  Gay-Lussac,  ■^■■t 
of  the  sod^  remains  undecumposed  in  this  process,  even  at  a  strong 
heat,  80  that  the  reducetl  sodium  is  combined  with  somewhat  moro  tha 
]  atom  of  sulphur. — 2.    Dry  sulphuretted  hydrogen  gas  passed  ovot 
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Into  of  soda  jn  coarse  powder  is  freely  !i1)sorbc(I,  with  formation  of  a 

ih-colourcil  iiia«!,  and  proJiiction  of  a  dejjreo  of  beat  above  100",  so 

tho  water  foriia-d,  and  partly  also  tliat  belonging  to  the  bydrate,  is 

rie<l  off  in  steain.  (Kirclier,  Ann.  Pharm.  31,  'i30.)     ^  Hydrate  of 

and  siilpbur,  when  fnsed  togctber,  yield  nionosulphide  of  sodium  and 

osuljdiito  of  soila,  as   in  tlio  cjiae  of  potash;   but  the  temperature 

luirvd  for  the  soda-compound  is  275^,  a  little  above  which  it  suffers 

!>mpu8ition.  (Fordos  &   Gelis.)  ^|     In  a  state  of  fusion,  sulphido  of 

lium  attacks  glass  and  acquires  a  yellow  colour.  (Berzelius.) 

By  dissolving  monosulphide  of  sodium  iu  water,  or  by  half-saturating  a 

Doliition  of  fioiia  with  hydrosulphuric  acid  gas  (III. ,31),  aeolourless  solution 

uf  monosulphide  of  sodium  or  hydrosnlphate  of  soda  is  obtained,  which,  wJien 

er4fionite<i  and  cooled  out  of  contict  of  air,  yields  colourless  crystals,  the 

f<irm  of  which  is  an  elongated  rectangular  prism  with  four-sided  summits 

(Vauquclin,   Berzelius);  octoliedrons  (Vaufpielin,  Kircher).     L'llermiua 

[J.  I'olylrc/iu.  11,  337)  obtained  oblique  rbombic  prisms  (Fiff.  85)  witli- 

ont  the  a  and  /  surfaces;  i  :  tbe  edge  between  «'  and  u  ■=  104'^;  u}  :  uz= 

110;  «'  It  z=.  IS-j"".     This  compound  tastes  somewhat  hepatic  at  first, 

ustic,  alkaline,  very  bitter;  it  reddens  litmus.  (Bcrrelius.)     Tbo 

-,  when  fused  iu  a  retort,  give  off  water  and  are  converted  into 

'  nosulpbidc  of  sodium.     They  become  moist  in  the  air,   without 

'  r  deliquescing,   and  change  into   sulphate    of  soda,    (Berzelius.) 

I  leous  solution  exposed  to  the  air  yields  equal  proportions  of  hj'po- 

'■■and  6-hydrated  carbonate  of  soda.  (Alitscherlich,  Po(/(/,  8,  441.) 

It  is  very  soluble  in  water,  but  less  so  in  alcohol,  which  partly  pre- 

-:cs  it  from  a  concentrated  aqueous  solution.  (Berzelius,  Poff^.  6,  437.) 
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B.  Si;r.ritiDE  op  Hydrogen  and  Sodium. — When  sodium  is  heated  in 

•iilphnrcfli-d  hydrogen  gas,  it  takes  fire  and  absorbs  all  the  sulphur  of  a 

luutity  of  the  gas  equal  in  volume  to  the  hydrogen  which  tho  sodium 

•oiilil  have  evolved  from  water;  besides  this,  it  absorbs  J  of  tbe  same 

tluine  iif  uudccomposod  hydrosulphuric  acid.     The  compound  evolves 

hydrated  acids  -^  as  much  sulphuretted  hydrogen  as  tbe  sodium 

I  use  of  would  have  produced  of  hydrogen  gas,  (Gay-Lussac  &  The- 

d.)     The  compound  should  therefore  consist  of  3  atoms  of  sodium,  4 

Ifulpfaur,  and  one  of  hydrogen;  but  it  more  probably  contains  one  atom 

Kidium,  2  atoms  of  sulphur,  and  one  atom  of  liy<lrogcn. 

When  solution  of  soda  is  saturated  with  hydrosulphuric  acid  ga«,  a 

itriow  liquid  ia  obL-iincd,  which  may  be  considered  as  solution  of  sul- 

Bdo  of  hyilrogen  and  sodiam,  or  as  bihyilrosulphato  of  soda.     It  yields 

Durloas,   deliquescent  crystals,   soluble   in  alcohol.    (Berzelius.)    Ac- 

img  to  Gueranger  (J.  Chim.  Mnl.  15,  49),  it  yields  no  crystals.     By 

"ng,  it  loses  ono  half  of  its  sulphuretted  hydrogen;  aud  on  cooling, 

tted  mottosulpbido  of  sodium  crystallizes  out. 

liam  is  also  capable  of  uniting  with  more  than  one  atom  of  sulphur, 

Jjr  indeed,  like  potaxsium,  with  as  many  iis  five.     By  heating  dry 

:'       r  Hilda  with  an  equal  quantity  of  sulphur,  »oda-Uver  of  sulphur 

,  which,  accordiij^'  to  tho  experimeula  of  \'ttui^a<:\iiv  ^Ann. 

vo^  III.  K 
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fitM.  Phyt.  ff,  32^,  may  be  considermi  as  a  mixtnre  of  anlpliate  of 
with  tolnu^ulpliiilc  of  Kixlium.     The  nuua  treated  tritb  nearlj  abaolu 
nlciihol,  di>i$i.>Iv(v,  Icnving  the  sulphate  of  soda  bi-hind,  and  yield«  «oil 
tinipn  a  crop  rf  npa<|uc,  yellow  needloa  anited  in  tuft^  and  gonM»tin 
yrliow  transpnrrnt  cubes.     The  aqueons  solution  uf  the  polysulphide  < 
undiurn  is  yellow,  bas  the  camo  properties  aa  that  of  the  polysulphide  < 
potuAsium,  and  may  be  aasumed  to  contain  hydrotulphito  of  soda  (NaS^'j 
H0=  NaO,  HS». 

C  HvPOSULpntTE  or  Soda. — I.  A  boiling  solution  of  soda  is  nK 
rated  with  sulphur,  and  then  a>lded  to  a  perfectly  neutral   solution 
siilphilo  of  soilii,    till    the   mixture   acquires  a  deci>le<l    yellow    coloii 
The   li<)uiii   is  filtcrixl,   evajxirab^d  to  a  small  hulk,  iind  cooled,  and 
crv*t«Jii  obtainiil  are  puriticvl  from  adherin;;  sulphide  uf  sodium  by  rocr 
tallisalion    (A.  Lenx,  Aim   f'itamt,  AO,  94.)— 2.  Sulphurous  acid  fput'i 
pasxrd  throuffh  a  Holutinn  of  soda  which  has  been  saturated  with  sulpbl 
at  a  hoilinjr  hc:it,  till  a  filtered  portion  appears  of  a  faint  yellow,  but 
allo>ri«tlier  eolourli«<i.», — becnuse.  if  a  small  qnantitr  of  sulphide  of  sodio 
ia   left  iu   the  solution,  that   gulMtaiioe  oxidises  first  in  the  air,  and 
pi«vont«  the  diyoniposiiig  action  of  the  atmosphere  on  the  hyposulpli 
of  soda.     The  ftlunts  ia  rapi<llj  evaporated  to  a  syrupy  coneistenc 
(lltervd  a^in,  if  necessarv — one  measure  of  the  liquid  well  shaken  wil 
hiilf  a  inoaxuro  of  alcuhot — and  the  whole  set  a.<ide  at  rest.     Belof 
yellow  aleoholic  stratum  conusioing  sulphide  of  suiliuiu,  the  hypo^^ulphl 
of  aotU  cry«lalliso«  out  from  it.«  eolutiou  in  water,  in  l.iriie  coh)urles3  i 
Uls.  (C«|>aun,7.  pr.  C^rm.  21,310.) — 3.  Two  parts  of  anhydrous  sulph 
of  foda  art<  he«le<l  to  ri>dnc«s  with  one  part  of  ch.-ircual;  and  the  nu 
which  contains  sulphide  of  so>lium,  lefl  to  cool, and  then  boiled  with  wa 
and  onti  |>art  of  )<iil]>liur;  the  filtrate,  when  sufficiently  concentrated,  9 
oxprun<d    to  the    nir  in   a   basin,   and    the  crystals  formed  are  puriff 
fmm  ndhcriitg  sulphur  by  rc-crrstalliiation.     This  process  takes  a  lod 
time. — 4.    An    aqueoiu  aolntion  of  sulphite  of  soda  is  saturated  w1( 
sulphur  in  a  close  VMsrf,  then  filtered,  and  evaporated  to  the  crystallixi^ 
IMiint.     The  liquid  rapidly  deposits  sulphur  and  yields  principally 
phato  of  «oda.    iCapuun.)— 5  5.  One  pound  of  pure  crystallized  earb 
nnle  of  soda  i«  dried  n.<  perfectly  as  possible,  and  intimately  mixe<l  wi 
5  <iuue<Mi  of  pure  sulphur — the  mixture  gradually  heated  in  a  glaw  { 
pore<<liiin  lv:t.>iu  to  the  melting  [Ktint  of  the  sulphur,  and  kept  at  that  I 
i>er.»lur»>  for  i«omc  time,  stirring  constantly,  in  onler  to  bnn^  every  ,, 
III  contact  with  the  air.     The  sulphide  of  so<liara  formed  at  first,  ausod 
oxyii»>u  fivni  tho  air,  and  is  converted,  with  feeble  incandescence, 
hypo»ulphile  of  !n>da.     The  mas*  when  cold  is  dissolved  in  water,  boil( 
Willi  sultdiur  for  »t<mo  time,  and  tl>«  filtntte  evaporate<i  to  the  crystallizii _ 
point.     Very  flno  and  purr<  crystab  an  obtained  iu  this  manner.     If  the 
lioat  «<mploy<sl  is  too  stnwg,  |wrt  of  the  sulphur  is  burned  off  and  carbo- 
uato  of  auda  mumius  undocompoMtl ;  in  this  ca^e  a  second  crvstaUization 
i»  11  (Walchncr.  .4nm.  J%mn.  46,  2.35.)  ^ 

Idle  of  M.ida  cryslalHtas,  according  to  Mitscherliefa  {Pogg^ 
18.  MO).  ii..m   I  li>.i  .1  I  ,,-,Mi-  .i..liit;,.ii    lU'.'ombitHMl  with  water  of  orv8l^| 
liitttion;  trvm  .       .      -,  :   :    a  it  cr^-atalliu^.  as  it  cools,  fl 

\»xi'  |>ri>m>  l<'  .  to  tbe  right  prwmatio  system, Bcaifl 

';  but  U<t»..     ,  .  two  i»-»0M  tlMware  two  «-lac«sH 

ii.ou  .  .  :  iho  axil  =  76   8* ;  •  ;  •  =  165-  5* ;  «  :  »  =  SC ;  m  :  t  ^ 


add 
IU4" 


.5':  •!••.<=  IS4»  ly;  «  :  «  =  |fl4^  W;  i :  i  =  !«•  %1f.  (Pre? 
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hyo,  y.  Ann.  Cltim,  Phyt,  3,  353;  Cotnpt.  rend.  13,  873.)  The  t-surfaoe 
•taiidc  obliquely  on  tho  ucute  lateral  edges,  wbicli  ure  tnincaleJ.  (Rara- 
meUlKtrff  )  luodoroas.  tai-tes  cooling,  afiorwardd  bittor,  sligbtly  alkaline 
Md  inlptiurnus.  (Vauquelin,  Scher.  Anno  ^,  170.)  It  has  no  alkaline 
,  MMtion;  remains  unaltered  in  the  air.  (Cbaussier,  »SV/i«-.  J.  8,  470.) 
,  Tke  crvHtallized  salt  fuses  when  heated,  and  remains  duid  a  long  time 
tftt'f  cooling;  if  the  heat  Lo  carefully  applied,  the  salt  loses,  without 
ticcurnposition,  35-97  per  cent,  of  water  (Rttmniolsberg);  at  a  higher  tem- 
jwrnturi'  fculpfaur  is  evolved,  and  a  brownish  mixture  left,  eousi»tiug 
of  "ulphidc  of  sodium  and  sulphate  of  soda.  ( Vamjuelin,  Rnnimolsbeig, 
Po^j.  jiJ,  2il8.)  Meated  in  the  open  air,  it  burns  with  a  blue  flame. 
(Cli»af»iir. )  It  diosolves  readily  in  water,  but  not  in  alcohol.  In  chise 
itMcU,  the  aqueous  solution  deposits  sulphur  till  nothing  but  sulphite 
«f  eodit  remains  in  the  liquid;  exposed  to  tho  air,  it  deposits  sulphur, 
sJ  is  converted  into  sulphate  of  soda.   (Cacsaan.) 


K«0 
SUO 


Crystallized. 

31-2     2512 

48-0     38C5 

45-0     36-23 


RammcUbcrg. 
24-96 

35-97 


N»0,  SH)»  +  S.iq 124-2 


100-00 


aqueous  solution  of  2  atoms  of  hyposulphite  of  soda  dissolves  otie 

of  iodine    without  becoming  coloured,  and    still  remains  neutral; 

( (hen  contains  one  atom  of  iodide  of  sodium  and  one  atom  of  a  eora- 
conbiatiug  of  one  atom  of  soda  witli  a  new  acid  of  sulphur  {bitul- 
\  hjfpo»ulfi/iuric  acid  (or  tetrathionio  acid), which  contains  5atoms 
to  4  atouis  of  sulphur. 

2(NftO.»'0')  +  I  =  N»I  +  NaO.S'O'. 

boiling  tho  solutioo,  the  Bait  is  resolved  into  free  sulphur,  sulphur- 
aciii  which  escapes,  and  sulphate  of  soda  which  remains  dissolved. 
^ordoe  and  Gelis,  Covipt,  rend.  15,  920.) 

^_^   D.  Pextatriokatb  op  Soda.  ( Vid.  Pcutathionic  acid.)— NaO.S'O', 
[^BBttable  compound  knovra  only  in  solution. 

E.  TETRATnioNATE    OP    SoDA. — NaO,  S*0'.    {Ste   above.)      Kesaler 
TO.  74,  249)  prepares  this  salt  by  dropping  a  neutral  solution  of  clilo- 
||4>f  copfwr  into  a  solution  of  hyposulphite  of  soda  till  a  precipitate 
Ju»,  and  then  mixing  with  alcoliol.     The  salt  fuses  ia  its  own  water 
^'ay»tallixatiou,  with  separation  of  sulphur  and  evoluUon  of  sulphurous 

TRirnioHATE  OP  Soda.— NaO,  S'O'.     Prepared  in  the  same  man- 
I  corresponding  potash-compound.  IT 

FuLPniTic  op  Soda. — a.  Ifonotulphite. — Obtained  in  the  same 
taker  as  sulphite  of  potash.  Known  only  in  combination  with  wntor. 
irent,  colourless,  flattened,  four  and  six-sided  iirisniH,  with  dihedral 
»;  having  a  fresh  ta*le,  nflcrwardiD  hulphurous,  and  luniing  reddened 
-paper  V>lue.  It  conlaiiis  in  100  purtti,  acconling  to  Fourcroy  and 
elin,  18-8  part*  of  soda,  31-2  p-art«  of  sulphurous  acid,  and  .'iO  partfl 
er  (=  «  afuDit.).     ChaDg<.s  gra<lually  in  the  air  into  8\>\v\vi.Vo  nt 

Vasri  irhrri  hoatoJf  glYCB  off  Wlltcr  and   Sulw^lUtj  ft^*^  ^*   CWlNMlVi"^ 
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into  sulphate  of  8od&  witb  excess  of  bojso.  DlssolTea  in  4  parts  of  cold 
water,  with  redaction  of  temperature,  and  in  less  tli;iii  an  equal  qii!\nti^ 
of  boiling  water.  (Fourcroy  &  Vauqaclin,  Ann.  Chun.  24,  2(54;  all 
CrtU.  Ann.  1800,  2,  405.)  '  Muspralt  obtained  this  salt  combined  wil 
10  equivalents  of  water,  corresponding  to  the  carbonate.  It  i«  mo 
soluble  in  water  at  33''  (91 '4^  F.),  and  less  soluble  at  higher. temperatu 
(Mitacherlich.) 

b.  Bisidp/nCe. — An  aqueous  solution  of  carbonate  of  soda  is  satar 
with  sulphurous  acid  gas.     Crystallizablo ;  does  not  redden  litmus.  (( 
Lussac  ik  Welter.)     "f  Obtained  in  a  similar  manner  by  Muspratt, 
opaque  crystals.      Precipitated   in  a  granular   form  by  alcohol  from 
solution  of  soda  saturated  with  sulphurous  acid.     Les.s  soluble  in  wat( 
than  bicarbonate  of  soda;  Ir.ia  an  acid  reaction  and  unpleo^nt  sulpbar 
taste;   evolves  sulphurous  acid  in  the  air;  decrepitates  when  hea,t«d,  i 
is  resolved  into  sulphate  of  soda  and  free  sulphur. 


Calculation. 

Muipratt. 

Calculation. 

Musprat 

N»0  .. 

.11-2     ....     2041 

...     20--IG 

NaO  . 

31-2     ....     29-96 

....    29-04 

S0«  ... 

320     ....     2(190 

...     'iO^? 

2S(y 

640     ....     61-42 

....    60-ai 

lOHO 

900     ....     58-69 

....     59-07 

HO... 

9-0     ..      8-62 

...    10-7^ 

a. 

153-2     ....  100-00 

...  100-00 

* 

104-2     ....  10000 

...  100-00 

H.  Hyposi-lphate  op  Sod.i. — An  aqueous  solution  of  by r 
of  baryta  is  precipitated  at  a  boiling  heat  by  carbonate  of 
filtered  and  evaporated.     Large  transparent  prisms  belonging  to  llio  rig| 
prismatic  system  (Fi^.77),   but  without   the   t   and  n-faces;   i  :  a 
1.52"  54';   i:t—  121"  6';  a  :  a  =  125"  18';   a  :  u  =  130°  9';   n  :  u 
!)0°  38';  11  -.m,  =  135^  12'.    The  crystals  have  a  bitter  and  peculiar  ta 
are  perra.auent   in  the   air,   decrepitate   slightly   when   heated,  and 
being  heiited  to  redness,  leave  58-24  per  cent,  of  sulphate  of  soda.     Th^ 
dissolve  in  2-1  parts  of  water  at  1()°,  and  in  1-1  part  at  a  boiling  he 
the  solution  is  not  decomposed  by  boiling.    Insoluble  in  alcohol.  (Hocr 
Pogff.  7,  76.) 

Crystallized,  according  to  Heercn. 

NaO 31-2     25-74 

SH)' 72-0     59-41 

2HO _ 18-0     14-85 


NaO,S»0»  +  2Aq 12i'2 


100-00 


I.  Sulphate  of   Soda. — a.    Monosdlphate. — Glauber  t  Salt*, 
mirahile  Glauheri. — Found  in  the  anhydrous  state,  effloresced  on  the  su 
face  of  the  ground  by  the  heat  of  the  sun,  as  Thenarditt;  in  the  state  i 
solution  in  sea-water,  in  salt  springs,  and  many  other  mineral  waters.- 
1 .  Obtained  from  certain  mineral  waters  by  evaporation  and  subsequei) 
cooling. — 2.  Many  salt  springs,  and  frequently  also  the   molher-liqu 
obtained  from  common  salt,  yield  crystals  of  Glauber's  salt  at  freoriii 
temperatures.    Tiiis  may  either  ho  present  naturally,  or  it  may  be  formt 
from  common  salt  and  sulphate  of  magnesia  contained  in  the  liquid,- 
these  salts  decomposing  each  other  in  the  cold  (at  a  temperature  of  +  l( 
according  to  Balard,  J.  Phami.  el  Chim.  6,  40C)  by  double  affinity  (I.,  13lJ 
the  mother  liquor  obtained  from  sea-water  behaves  in  this  way.     Th 
solid  residue  of  the  salt-pans  also,  freed  from  common  salt  by  cold  wate 
frequently  yields  Glauber's  salt  when  boiled. — 3.   By  heating  cutnmc 
«s/t  with  6uJ;>hiiric  acid,  whereby  hydrochloric  aciJ  is  also  obtaiued  at  til 
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mxM  time.- 


PlMB  tke  nadae 


i. 


imiioD  «alt,  colp&arie  mad,  aai  pcrnrrife  of  mtmgtntfm     But  of  tbe 

I.  ■  !::.>  ic  tic'it.^1  to n^css  witk  dtftrro*!;  tW rcfalti^  sK^Ude of  m£«m 

r  water;  ami  tlte  BangwMK  pmqMt»ie4  bv  it  fraai  A^ 

;..,.^:,...u  of  tlte  rriwiBJitg  portioa 5.  Aa»latMa  MccMMoa  irIi 

t  fcrruos  or  ferric  aolpbato  it  expoeed  to  m  freentg  teaipetBtorp,  at 
niiidi  tenipentBTS  (olplsate  of  aoda  crataOiaea  o«t;  or  the  mistare  ia 
I»nt4><l  to  redness,  bj  which  mrann  Ike  olonde  of  iraa  partlj  volatiliaea, 
acil  tLe  rest  is  reaoWed  hj  ihm  oxjgaa  of  the  air  iato  dlaciiie  aad  aee^oi- 
oxidc. — 6.  A  br-prodact  la  the  pnnantioa  of  Ml-aiiwiwiae  (II.,  478) 
aod  mafnesia  alba,  and  ia  the  anwlgiiimtion  of  alver  e<e. — "7.  Maj  be 
obtained  from  maaj  glaia  slags  (filatgaOe),  if  aatire  or  artificial  soda  has 
laea  n-  '  '  e  preparatieo  of  the  glaga. — 8.  Bj  cxhasftisi;;  with  water 
Ae  Uei.  Jtarix  ffolliea. 

The  adi  ia  obtained  as  an  aDhjdnas  naa^  by  learu^  the  lO-hjdra- 
led  «alt  to  eflSoreace  or  bv  beating  it  to  ledneK;  or  aooutwng  to  Faraday 
(If.  Qnart.  J.  ofSc.  3,  '2i3),  ia  aahydroas  cmtals,  by  cvapontiiig  an 

aae«ai  eolotion  at  a  temperatnre  eooatderably  below  100*;  aeeordiag  to 
ibcbcrlicb,  even  at   40'.     The  aahydroiis  nit  forms  in  oystab  be- 
kiwigiiig  to  the  right  priflnatie  system;  rhombic  octohedrons  (^Fig.  39), 

m\\ 


Jy  still  retainiDg  the    (-«arfkc«  {frvm  t  to  the  Tcrtex).  a 


41';  a  :  a'  =  123'  43';  a"  :  o"  =  104"  IS*;  «•  :  u  =  129  21'; 
«»  :  /  =  134'  10';  a  :  /  =  1-25-'  19^';  readily  clearing  parallel  to  (  and  a. 
(Mitseherlich,  Fogg.  12.  138;  25,  301.)  The  Thenardite  of  Atanjuei 
hMB  the  ume  form;  u'  :  v  neariv  =  123'  (C-j«aseca  &  Cordier,  Ann, 
Citim.  Fiys.  32,  308.)  Thomson  '(^fin.  PhU.  28,  401)  ubtained  rhombic 
Belobedruo«  in  which  a  :  a*  =:  75'  and  a  :  a"  =.  140  .  The  crystals  are 
ttBDnpart-Dt.  The  fiued  salt  eolidi6es  on  cooling  to  a  transparent,  crystal- 
lin».  forialed  mass.  The  specific  ^'ravity  of  the  crystals  =  2  73  (Coitlier), 
1);  that  of  the  «.lid  fused  salt  =  2-0313  (Karsten).  The 
'  iposed  to  the  air,  become  opaqnc  on  the  surface  by  ab- 
»uiii.Ui^  uMtcr.  At  a  strong  red  heat,  the  salt  melts  to  a  thiu  liquid.  Its 
taste  b  bitter  and  saline,  and  in  tlic  hydrated  etato  c<H>liiig  at  the  same 
According  to  Morrenu,  it  has  an  alkaline  reaction  on  logwood, 
not  on  tunueric.  By  i^itiun  with  charcoal,  it  is  changed  into 
Ofnlpliide  of  sodium.  Milk  of  lime  converts  it  in  Eolation, 
thoii::li  tiQt  imperfectly,  into  gypsum  and  Kida.  (Scheele,  Opv*c.  2,  170; 
'.  Auncahl  d.  n.  enCdecJc.  8,  111.)  With  chloride  of  ix)t3.s$iiim 
;f  potash  it  yields  sulphate  of  potash.  (Karsten.')  Hydrochlo- 
I  ^  has  no  rfiect  on  the  anhydrous  salt;  solution  of  hydrochlorio 
...crts  it  into  chloride  of  sodium  and  bisulpbato  of  soda, 
) 


N*0 

31-2    .. 

....     43-82     ... 
...     56-18     ... 

....     43-72     . 
....     56-28     .. 

43-86     ... 

56-14     ... 

...     44 

s<y  

40-0    ... 

....    56 

•>i*o,so> 

71-2    ... 

N»0 

»o» 

....  100-00     ... 

\Vcn«cI. 

44-3     ... 

55-7     ... 

....  10000     .. 

Pal  Ion. 
....     45-2     .... 
...      54-8     ... 

100-00     ... 

}i6nri. 
...     47-22 
...     52-78 

....  100 

1000     ... 

....  1000    .... 

...  10000 
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Comhination*  wiOt  Water: 

m.  With  8  Atonu  of  Water. — Crystalliros  from  the  fase*!  10-hyiirafc 
salt  at  a  teinpemture  of  12°  (53-8'  F.)  (Zi«);  ftlso  from  a  solution 
this  salt  in  half  its  weight  of  water  at  7'  (44-6°  F.),  and  above  tl 
lomperaturo,  if  the  fliiiJ  remains  undisturbed  in  a  covered  ve:^eL  (Z8 
Fnradav,  vid.  I.,  10.)  Double  four-sided  pyramids,  or  elongated  foa 
sided  tables,  with  acuminated  c<lge8  (Ziz);  four-sided  prlnns,  with  dibedl 
summits  (Faraday);  transparent;  much  harder  than  the  10-hydrai 
salt.  (Fanuiay,  Quart.  J.  of  So.  19,  152j  also  Poyg.  6,  82.)  As 
10-hydrated  salt  cryatjillizos  out  on  agitation,  contact  of  air,  &c.,  from  tb 
remaining  lii[uid,  tiie  crvstals  of  the  8-hydratcd  salt  become  white  aq 
ojMiquc:  and  even  when  tLe  liquid  aljove  them  is  mixed  with  wann  wat^ 
the  whole  poured  off,  and  an  attempt  made  to  loosen  the  ervslnla  wH| 
a  rod,  the  opacity  spreads  from  the  point  of  contact,  and  nuliat 
through  the  whole  crystalline  mass,  which  becomes  heated  and  quite 
throughout,  probably  from  formation  of  the  10-hydrated  salt.  (Ziz,  T 
15,  166.) 

S.hydnted  nit.  YmiKj.  Zix. 

N»0,  SO"..- 71-2     49-72    60    45  to  50 

8HO 720     50-28     50     55  „   50 

N»0,  SC  +  8Aq.  ...  143-2     lOOOO     100     100  „  100 

/5.    With  10  Atoms  of   Water. — The   ordinary  crystals   of  Giant 
salt  are  produced  at  a  lower   temperature,    aud   from  a  more   dilo 
Bolntion  than   the   above.       Cryatallino   t^yatem,   the  oblique   prismatl 
(^•1'/.    110);  i  -.1=  107°  44';  t  :  «  =  113'  18';  t  :  «  or  «.'  =101" 
t  :/ backwards  =  130°  45';   u  :  v}  =  80'  24';   «  :  /  =  130°  12';  w 
=  162°  38';   u  :  m  =   139'  4S'.)  Brooke,  Ann,   Phil.  23,   21.)     Al 
(Prcvostayc,  Ann.  Chim.  I'/it/t.  78,  3.H.)     The  crystals  are  very  l»ri 
transparent,  aud  of  specific  gravity  =:  1-35.  (Thomson.)     They  cfflor 
in  the  air,  losing  all  their  water.  (Gay-Lusfac.)    They  effloresce  coniplet 
in  an  atmosphere  at  14-5',  when  the  dew-point  stands  at  9'5%  but 
longer  when  liio  dew-jM)int  is  above  10°  (H.  Wattson),  they  also  lose  tli 
whole  of  their  water  in  vacuo  over  oil  of  vitriol,  and  re-absorb  none  frol 
the  air.  (Von  Biiicher.)     The  perfectly  effloresced   salt   swells  in  yef 
moist  air  to  throe  times  its  bulk,  and  then  becomes  a  crvstnlline  inaas  t 
ordinary  Glauber's  salt,  with  a  slight  excess  of  water.  (Graham,  iV  Quar 
J.  ofSc.  C,  557.)  In  air  completely  saturated  with  moisture,  the  effloresce 
salt  deliquesces  perfectly  in  80  days.  (R.  Brandes,  Schm.  51,  430.)    Wh« 
the  crystals  are  gently  heated,  the  greater  part  fuse,  withdrawing  tli 
water  from  that  portion  which   sepamtcs  in  the  anhydrous  state,  and 
forming  a  solution,  which,  according  to    Faraday,   appears   to   contain, 
at    822°,    18  atoms   of  water  to    1   atom   of  the   dry  salt.     According 
to   Brandes  and   Fimhaber,  the  fusion  logins  at  31°,  and  is  as  fur  ■■ 
possible  complete  at  37-5'.      The  salt  hereby  separated    in    the  sol^J 
form  contains  less  water  in  proportion  as  the  temperature  is  higher;  tliM 
which  separates  at  37'5°  contains  43;  that  between  50'  and  62°  contains  35; 
that  at  75°  contains  20-7,  and  that  100'  contains  14-5  per  cent,  of  wataS 
Cold  alcohol  does  not  withdraw  any  water  from  the  j)owdered  crvstnlH 
but  2  ports  of  alcohol  acting  on  1  part  of  the  crystals  at  37 '5°  (99-5°  F.) 
leave  a  salt  which  contains  ouly  32 '5  per  cent,  of  water.   (Brandes  & 
Fimhaber.)  ^ 
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10-hyilnted  salt.  Bergm«n.  Kirwin.         Benolius. 

N30._.^„„... ^    31'a    19-35  14     18-48     19-24 

-*^t>'     — . — 40-0    M-82  27     23-52    24'76 

lOHO     -...     90-0     55-83  58     58  00     56-00 


NaOtSO*  +  lOAq.     161-2    100-00    100    10000    10000 


Weniel. 

NmO   19-5 

SO". 24-3 

lOHO 55-2 


Bucholx. 
..  20  ... 
..  23  .., 
..     57    ... 


Bnodes  & 

Firnhaber. 
..     19-1 
..     24-4 
..     56-5 


99-0 


100 


100-0 


y.  AquMiu  solution. — One  part  of  the  lO-bydratod  salt  requires  for 
aoliilion  8-22  parts  of  water  at  0^;  2-08  parts  at  18";  1  part  at  iy;  0-37 
l-arl*  at  32  ;  0-31  parts  (the  smallest  quantity)  at  33^;  and  038  parts  at 
.ill  V.  Gay-Lussao.)  At  33^,  15-5  atoms  of  wafer  take  up  one  atom  of  the 
anhyilrouii  tsalt.  One  part  of  the  crystiils  dissolves,  atl'j',  in  61;  at  12-5^, 
in  o  44;  at  18-75',  in  2-41;  at  2j^  in  0-7;  at  31-25'',  in  0-21;  at  37-5  ,  in 
(».'!!,  at  43-75',  in  038;  at  50',  in  039;  at  56",  in  04;  at  625',  in  045; 
at  i;:i  ,  in  0-41;  at  75",  in  114-2;  at  81  ,  in  0-4G;  at  87%  in  0-45;  at  9i-,  in 
0(4;  and  at  100%  in  0'41  parts  of  water.  (Braiidvs  &  Firnhaber,  Br. 
.I-J,.  7,  151.)  One  part  of  the  crystallized  salt  dissolves  at  20"  (68' F.) 
in  1-724  parts  of  water,  forming  a  solution  of  Bj)eeifjc  gravity  ri259. 
(■K"«r~i..n.)  A  solution  saturated  at  33'  deposits  crystals  of  the  aniiy- 
[  at  100"'.  (Faraday,  Haiding«r,  Mitacherlich.)  According  to 
^  \'  Firnhaber,  the  salt  which  separates  still  contains  27'8  per 

<■•  V  .1  ivater;  and  ak-ohol  precipitates  the  10-hydratod  salt  from  a  cold 
Kiiiirat'-il  solution.  ITubles  of  specific  gravity,  per  centago,  and  boiling 
point,  of  liie  solution  oy  Brandos  &  Gruner,  Br.  Arch.  22,  148.] 

Tlionisou  descril)cs  a  sesqui-tulphate  of  soda,  which  exists  in  the  residue 

left  aftrr  the  preparation  of  hydrochloric  acid;  crystallizes  in  rectangular 

I  iiid  contains  no  water:  it  requires,  however,  more  accurate  exa- 

(.^(,71.  Phil.  20,  436;  also  Pogff.  0,  SO.) 

i.  Ui.-<rLPHATK. — Obtained  in  the  anhydrous  state  by  heating  10  parta 

nf  dry  "^iilpliate  with  7  parts  of  oil   of  vitriol,  till  the  mixture   remains 

!  a  dull  red  beat.  (Borzelius.)   By  dissolving  this  mass  in  twice  its 

I   hot  water  and  then  cooling,  it  is  olitained  in  hydrated  crystals 

(tierx>;liusi;    or  by  dissolving  Glauber's  salt  in  dilute  sulphuric  acid,  eva- 

porstiiig,  and  cooling.  (Thomson.)     The  crystallization  must  take  place 

in  a  warm  situation ;  for  at  ordinary  temperatures,  the  simple  sulphate  crys- 

K*  out  cveu  when  a  large  excess  of  acid  is  present.  (Graham.)     Lung 

pareut,    four-sided    prisms   with   oblique   terminal    faces;    specilio] 

iy  1-8;  taste  very  acid.     The  crystals  melt  at  a  gentle  heat,  and  • 

'kept  fused   a  long  time   at  149',  lose  nothing  of  their  weight;  at  a 

■'  -  ' -injierature  they  boil,  give  off  water  and  sulphuric  acid,  and 

'  a  solid  crust  which  fuses  again  at  a  stronger  heat;  and  when 

till-  iM'H  't»  still   further  increased,  all  the  excess  of  sulphuric  acid   is 

|ir«n  off  in  tho  form  of  sulphurous  acid  and  oxygen  g-as,  4h-5  per  cent. 

1 '   ■  '      iilphate  being  left  behind.  (Thomson.)     The  crystals  con- 

)  lit  at  149°;  fuse  a  little  above  313  ,  evolving  only  a  trace 

■  n,    water;  and    at  a  higher  temperature,  yield   oil  of   vitriol 

(  J'hil.  Mag.  J.  6,  331);  there   remains   48-5  per  cent  of  tba 

lit.    (Tliomson.)      Water   resolves   this   salt   into   simple   sul- 

soda   and  faydratod  snlphuric   acid  with  stWi  gTe«.\.QY  IwaXxyj 
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than  the  corresponding  salt  of  potash.  (Gndiaro.)     From  a.  solulion  in 
4  parts  of  hot  water,  Glauber's  milt  crystallizes  out  as  it  cools.  (Brando 
&  Fimhabor.)     Alcohol  completely  withdraws  the  second  atom  of  ^uiphaj 
rio  acid  from  the  powdered  salt.  (Brandes  &  Firiihaber,  JJr.  A  rch.  7, 173.1 
(0.  Henry  and  Soubeiran,  J.  rharm.  11,  437.),     The  crystals  are  peruia 
neut  in  the  air.   (Bcrzeliue.) 

According  to  Link  {Crell.  Ann.,  1796,  I,  27),  they  deliquesce  slowly  ii 
the  air,  and  diEsolve  in  2  parts  of  cold  water. 


According  to  Graham. 

N»0 31-2     ....     25-9G 

2S0»    80-0     ....     66-55 

HO 90      ..       r-49 

NaO  ...    31-2     .... 
2SO'...     800    .... 
3HO....     270     .  . 

22-57     . 
57-89    . 
19-54     . 

BrandcM 
..    22-30 

..    20-4^ 

N»0,  2SO'  +  Aq.    120-2    .... 

N«0.. 
SSO*.. 
<HO.. 

10000 

+  3Aq.  138-2     .... 

According  to  Thomson. 

31-2     21-19 

800     54-35 

36-0    24-46 

10000    . 

..  10000' 

-^  4Aii 



147-2    100-00 

Either  the  crystals  experimented  on  were  of  different  composition,  i 
some  of  them  must  hare  been  analyzed  in  an  impure  state. 

G,     Double  Sulphide  op  Carbon  and   SoDirM   and  Hydrost 
PBOCARBONATE  OP  SuOA. — Solution  of  monosulphide  of  sodium  in  wat 
is  digested  with  bisulphide  of  carbon  in  a  close  vessel  for  some  days,  at^ 
temperature  of  30°,  and  the  liquid  evaporated. — Browni-sh  yellow 
crystallizing  only  after  the  solution  has  been  more  concentrated;  of 
cooling,  peppery,  and  afterwards  hepatic  taste.     When  perfectly  dri« 
and  heated  to  redness  in  a  close  vessel,  it  decomjKJses,  fusing  and  paesin 
into  a  mixture  of  carbon  and  tersulphide  of  sodium.     It  attracts  moistu^ 
from  the  air  and  dissolves  readily  in  water  and  alcohol.  (Berzelius.) 


Sodium  akd  Selenium. 


A.    Selenite  OP  Soda. — a.  Mono-Selenite, — Does  not  crystallize  on 
cooling,  but  only  by  evaporation  of  an  aqueous  solution  in  vacuo ;  it  the^^ 
forms  small  grains,  permanent  in  the  air,  which  taste  like  borax,  a^H 
dissolve  very  easily  in   water,  but  not  in  alcohol.     According  to  Mtt^^ 
pratt,  it  forms  radiated  crystals,  which  fuse  without  decomposition. 

Calculation.  Benelint. 

N»0 31-2    35-78     35-5 

SeO» 560     fi4-22     6t-5 

NaO.SeO'   87-2     10000     1000 

h.  Bi-sehnile. — Crystallizes  out  dnring  the  slow  cooling  of  a  syrup^, 
solution,  in  needles  united  together  in  tufts,  which  do  not  eilloresi-e  in  the 
air,  but  melt  when  heated,  losing  their  water  of  crystallization,  and  form- 
ing a  liquid  which  is  yellow  while  hot,  and  solidifies  on  cooling  to  a  white 
mass  of  a  fibrous  textnre.  At  a  red  heat,  the  salt  loses  half  its  acij 
Its  formula  is  NaO,  SeO=  +  HO,  SeO'  +  2Aq, 
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Anhjrdrooe.  Berzelias. 

N»0 31-2     2179     2217 

2SeOS    112-0     78-21     77-83 

N»0,2ScO= 143-2     100-00     10000 

Munprittt. 


NtO  ... 
2ScO« 
3Aq.  ... 


Crystallized. 

31-2     18-21 

112-0    66-00 

270    15-76    15-5< 


170-2     100-00 

f.  Quadro-sclenile.  —  Crystallircs    by    Bpontaneous    evaporation    in 
edJos  which  are  jjcmianent  in   the  air.  (Berzelius.)     Not  very  deli- 
qarscent,  and  consisting  of  NaOjSeO'  +  3(HO,SeO')  •+•  Aij.  (Muspratt.) 

B.  Seleniate  op  Soda. — Preparatiun  (II.  240,1.) — Crystallizes  from 
M  aqueous  solution  at  a  temperaturo  above  40",  in  anhydrous  crystals 
iJeutical  in  form  with  those  of  anhydrous  sulphate  of  soda:  Fig.  .59, 
iomctiraes  also  with  the  i-suiface;  a  :  a}^  =  134"  -22';  a  :  a>  =  123"  13*. 
Like  sulphate  of  soda,  it  is  most  freely  soluble  in  water  at  33°.  (Mite- 
cherlich,  Fogg.  17,  138.) 


Sodium  and  Iodine. 

A.  Iodide  of  Sodich. — Found  in  the  ashes  of  marine  and  littoral 
ts.     Formed  by  saturating  an   aqueous  solution  of  hydriodic  acid 
soda.     Cry.stallizes  from  this  solution,  when  evaporated  at  tempe- 
M  between   40"*  and   50°,   in  auhydrous  cubes  similar  to  tliose  of 
ion  s-ilt.  (Mitscherlich.)     Less    fusible   tiinn    iodide   of  potassium, 
•olidifies  on  cooling  to  a  radiated  mass  of  pearly  lustre.  (Girault.) 
e<>  volatile  as  iodide  of  potassium  (Gay-Lussac,  Girault),  out  more 
•o  than  common  salt.    (Mohr.  Ann.  1  harm.  21,  6G.)     Loses  iodine  if 
fused  in  the  air,  soda  being  formed.  (Berzelius.)     Heated  to  redness  in 
the  air  with  charcoal,  it  is  for  the  most  part  converted  into  carbonate  of 
•oda,  while  iodine  escapes.     In  close  vessels  containing  air,  it  assumes  a 
mw  colour,  owing  to  the  fonnatlon  of  carbonate  of  soda  and  periodide  of 
BMdium.  (Girault,  J.  Phann.  21,  390.) 

^^H  Cnlcnlatioii. 

^H  Na 23-2        15-.^5 

^H  I   126-0         84-45 


N»,1 149-2 


100-00 


Iodide  of  Sodium  wiih  4  Atovi*  of  Watery  or  Ilydriodate  of  Soda  with 

''^<mt  of  Water. — This  salt  crystallizes  at  ordinary  temperatures  from 

ueous  solution  of  iodide  of  sodium.     Large,   transparent,  longitu-- 

y  striated  oblique  rhombic  prisms,   belonging  to  the   oblique  pris- 

system  (Fig.  87),   generally    in  tables   with  the  i-face   enlarged. 

:  u  or  u'  =  109°  48';  i  :  the  edge  between  k'  and  u=  113°  12^";  i  :  A 

119°  48'j   i  :  the   edge    between   /<'  and  h=  124    l&'j    »  :«  =  149* 

*7f;   u'-.u=  118"    32';    A;/*  =  123'    4.54'.  (Mitscherlich,    Togg.    17, 

" ' ,)     The  crystals  melt  if  gently  warmed,  and  on  being  more  strongly 

1,  Iravc  Jry  iodide  of  sodium.  (Gay-Lussac.)     They  do  not  cUavv^ 

idly  io  vessels  containing  aJr  06  the  anli^droua  bidl-,  \,W  tKY^t^vj^j^ 
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eolation  is  also  more  stable,  eo  that  it  is  not  decomposod  ovon  bj  [ 
in{»  a  mixture  of  oxjgea  and  carbonic  acid  gaa  through  it.     TLc  crystal 
effloresce  in  dry  air,  but,  like  the  dry  iodide,  deliquesce  in  air  nioderatt'lj 
eluirged  with  moisture.  (Girault.)    They  dissolve  in  O'ti  parts  of  cold  WAtecl 
(Gay-Lussac),  and  also  iu  alcohol  when  not  too  strong.  (Girault.) 

Calculation.  Mttsdicrlkh.  Girault. 

K«l 149-2    8056        .„.„..        80-6        .„ 76 

4HO    36-0    19-44        19-4        24 


N«I,  4.Vq. 


185-2     100-00 


100-0 


100 


The  crystals  used  in  Girault's  experiment,  eridently  contained  mother 
licpor  still  enclosed  in  them. 

B.    AQiTEons  Periodide  op  Sodium,   or  Hydriodite  ok  Sopa. 
Prepared  by  dissolving  iodine  in  solution  of  iodide  of  sodium.     Forms 
brown  solution  which  gives  up  its  excess  of  iodine  on  evaporation  much' 
more  readily  than  the  corresponding  potassium-compound. 

C  Di-HYPOioDiTB  OP    Soda  t  —  On  heating   di-periodatc   of  so 
=:  2NaO,  10'  to  low  redness,  6  atoms  of  oxygon  escape,  leaving  a  residat 
^  2NaO,  10,  which,  on  raising  the  temperature,  passes  into  a  raixtuj 
of  iiwiide  of  sodium  and  soda,  with  loss  of  2  atoms  of  oxygen.     The  con 
pound  2NaO,  10  attracts  water  from  the  atmosphere  greedily,  and  iotliot 
is  set  free  on  its  surfuce  (from  absorption  of  carbonic  acid?).     It  is  dig 
solved  with  difficulty  by  cold  water.     The  solution  turns  reddened  litmB 
paper  blue,  and  bleaches   it  at  the  same  time.     It  loses  this  bleaching 
property  by  boiling;  because,  by  this  means,  the  salt  is   resolved  iat 
iodide  of  sodium,  soda,  and  iodate  of  soda  precipitablo  by  alcohol. 

3(2NiO,  lO)  =  3NiO  +  2N»I  +  N.0. 10». 

In  boiling  water  it  also  dissolves  easily,  the  same  docompoatio 
taking  place.  (Magnus  and  Ammerniiiller,  Pogg.  28,  .i23.)  Theauo 
compound  remains  after  heating  iodate  of  soda  to  low  redness,  when,  if  no 
e.Tct»sa  of  soda  is  present,  iodine  escapes  togetlior  with  the  oxygea.1 
(Liebig,  Jjin.  Pharm.  27,  43.)  If  a  solution  of  iodine  in  caustic  soda  in 
evnpomted  to  dryness  and  exposed  to  a  red-heat,  iodine  is  evolved ;  and] 
the  residue  dissolved  in  water  yields  crystals,  from  the  aqueous  solutioaf 
of  which  acids  precipitate  all  the  iodine.    (Preuss,  Ann.  Pharm.  20,  M.)\ 

D.  loDiTB  OF  Soda? — Iodine  is  dissolved  in  a  cold  aqueons  solution  of 
soda  not  very  highly  concentrated  (or  of  carbonate  of  soda:  Penny),  till  it 
begins  to  turn  brown  ;  the  liquid  is  then  left  to  evaporate  in  a  cold  place 
exposed  to  the  air  till  it  cry.«tallizes.  (Mii*cLerlich.)     Prisms  of  iodate 
of  soda  appear  first,  but  afterwards  dissolve  and  arc  replaced  by  the 
crystals  of  this  compound.     '1  hese  crystals  are  also  produced  in  a  few! 
dnyg,  by  mixing  crystallized  iodate  of  soda  with  a  concentrated  solution 
of  io<lide  of  sodium  in  excess.  (Penny)    Regular  six-sided  prisms,  porpen- 
dicularly  truncated;  permanent  in  the  air  (Mitscherlich);  of  sharp  ealine  J 
taste;  neutral  to  vegetable  colours  ;  efflorescing  in  the  air.  (Penny.)    Th« 
crystals,  when  heated,  evolve  a  great  deal  of  water  at  first,  and  afterwoxda 
oxygen  with  a  trace  of  iodine.  (Penny.)      A  little  hot  water    or  cold 
s/cobol  decomposes  the  crystals  into  iodide  of  sodium  which  diasolv«e, 
jud  iodate  of  soda.     Cold  water  diesolvta  thetu  undecomposod.     Prom 
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thi«  mlation,  ralpfanric  and  nitric  ncida  precipitate  iodine  and  ecparata 
io.lic  acid ;  hydrochloric  acid  beliaves  in  tLe  same  manner,  but  an 
exce«»  rediMolves  the  iodine,  forming  with  it  and  the  iodic  acid,  chloride 
of  ioiliue.  fMilsclierlicb,  Pcujg.  11,  162;  17,  481.)  A  lemon-coloured 
precipitate  is  produced  in  the  solution  hy  acetate  of  lead;  a  light  yellow, 
»v  nitrate  of  mercuric  oxide;  and  a  yellowish  precipitate,  by  nitrate  of 
inlvcr.  It  does  not  turn  solution  of  starch  blue.  On  evaporating  the 
elation,  a  con^tidernblo  quantity  of  iodate  of  «oda,  accompanied  with  but 
Sttle  of  the  undecomposod  compound,  cryetalliEes  out.  (Penny,  Ann, 
FAtfm.  37,  202.) 

Calenlation. 

N«0 31-2     H'85 

IO»   1420     53-95 

lOHO  „ 90-0     34-20 

NaO.IC,  lOAq 263-2     100-00 

Or,  Mitsoherlich. 

N»1 149-2  28-34  29-2 

N»O.IO» 197-2  37-46  371 

20HO » 180-0  34-20  33-7 


Nil  +  NaO,  IO«  +  20Aq. 


526-4 


100-00     100-0 


It  nay  therefore  bo  regarded  either  as  a  lO-hydrated  compound  of 
)  vith  an  iodous  acid  containing  2  atoms  of  oxysrcn,  or  an  a  20-hydrutod 
_  Duud  of  iodide  of  sodium  with  iodate  of  .sod.-i.  (Mistcherlicn.)  Ao- 

oording  to  Penny's  analysis,   the  crystals  are  =  3NaI  +  2NaO,  10'  -f- 

-jAq. 

Iodate  op  Soda. — Gay-Lussac  distinguished  a  lane  salt.     This 

btained,   bomctimes  in  six-sided  prisms,  hy  evaporating  a  solution  of 

lint*  in  i>oda-loy,  sumetimcs  in  fiilky  needles,  by  decomposing  the  iodate 

[•oda  dissfllveii  in  wiiter,  by  means  of  soda.     The  former  crystals  are 

dercd  by  Runimelsborg  (/•'"7.V.  44,  5-1 C)  as  identical  with  Mitscher- 

i  iudite.     The  latter  according  to  Rammelaberg,  are  unaltered  iodate 

Mjda. 

a.  MoNo-iODATE. — 1.  Chlorine  gas  is  passed  to  saturation  through  10 
of  water,  containing  one  part  of  iodine  diffused  through  it;  the  liquid 
oculmlized  with  carbonate  of  soda;  chlorine  again  parsed  through,  in 
ler  lo  dist-olve  the  iodine  thus  thrown  down;  again  neutraliKod  with 
irboDate ;  the  io<line  which  separates  again  dissolved  by  means  of 
do;  and  so  on.  The  liquid  is  then  evaporated  to  ,'j[  its  bulk;  mixed, 
till  warm,  with  half  its  volume  of  alcohol,  and  the  compact  crystul- 
jb  consisting  of  eight-sided  prisms  which  is  produce<l  on  cooling,  is 
rom  a<lhcriog  chloride  of  sodium,  by  washing  with  alcohol.   (Liebig, 
?ogy  24,  3C2.)     Ad  excess  of  carbonate  of  soda  must  be  avoiilcd  ;  uther- 
'^.ili-periodato  of  soda  will  bo  formed.  (Magnus  i  Amniermiiller.)    The 
PBllon  of  ;i)ooh()l  is  unnecessary,  as  the  lesa  soluble  iodate  can  be  sepa- 
■  common  will  by  crystallization.  (I)uflos,  ScAtp.  G'i,  300  ) — 
-  isolution  of  terchloride  of  iodine  is  incompletely  »ntunitcd 
^  "la  or  carbonate  of  soda;  the  iodate  of  soda  is  then  precipi- 

1  i],  wa«hcd  with  the  same  menstruum,  and  left  to  crystallixe 

frotTi  ;  in  water.   (Sorullas,  Ann.  Cliim.  Phyt.  4.3,  125.) 

Is  thus  obtained  yield  iho  anhydrous  salt  if  tlried  at  150*. 
I     This  salt  melt^  when  heated,  and  evo\vc«,  yrVAo  «\?Nl 
lu ..  .  ., ....-,  24-45  per  cent,  of  oxygen  together  wU\i  wAatic,  W-fviti^ 
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iodide  of  sodiani  mixed  with  sodii  (Gay-Laseac) ;  according  to  Liebig,  i| 
leaves  dibvpoiodite  of  eoda;  when  heated  to  redness,  it  yield*  24-21  pel 
cent  of  oxygen  and  75-79  of  iodide  of  sodium.  (Benckisi-r.) — It  deluaates| 
on  glowing  charcoal,  and  slightly  when  mixed  with  sulphur  and  t>trucli 
(Gay-Lu8sac.)  With  conceutrated  hydrochloric  acid  it  yields  water^ 
chlorine,  and  a  yellow  liquid,  which  prouahly  contains  tcrchlorido  of  iodind 
and  sodium,  but  docs  not  yield  thia  compound  in  a  crystalline  for 
(Filhol,  J.  Fharm,  25,  440.)  Heated  with  a  small  quantity  of  nitric  acid 
it  yields  biniodate,  and  with  a  larger  proportion,  tcriodate  of  soda  in  the^ 
anhydrous  state.  (Penny.)  Dissolved  hot  in  a  mixture  of  e<jual  quanti- 
ties of  oil  of  vitriol  and  water,  it  gives  by  evaporation  crystal  which 
when  laid  upon  bibulous  pa]>cr  and  nearly  dry,  become  all  at  onco  fluid 
and  tenacious.  (Liebig.) 

It  forms  crystals  with  3  different  proportions  of  water. — IT.  Millofl 
{Ann.  Ckim.  Fhi/s.  3,  9,  400)  obtained  crystals  of  iodate  of  soda  containin^l 
iiiider  different  circumstances  2,  4,  6,  10,  12  and  Itj  equivalents  of  water, 
while  Rammelsber^  succeeded  only  in  preparing  the  bibydrate  and  tlittl 
dccahydrate.  IT. 

«.  J!?tAy(/raW..^Obtained  by  evaporating  an  aqueous  solution  in  mo- 
derately warm  air.  (Rammelsberg.)  By  cooling  a  not  concentrated  solu- 
tion. (Penny.)  Forms  fine  silky  needles  united  together  in  tufts,  which,  if 
the  temperature  sinks  below  -(-  S',  are  converted,  under  the  liquid,  into 
the  crystals  y.  At  150"  they  lose  all  their  water.  (Rammelsberg,] 
Penny.) 

/3.  ,SexhydriUed. — Crystallizes  on  cooling  from  a  mora  dilute  solution] 
m  long  four-sided  prisms.  (Penny,  Ann.  Pharm.  37,  203.) 

y.  Decahydrated. — Obtained  by  spontaneous  evaporation  below  -}-  5^ 
Transparent  and  colourless.     Clear  octagonal  prisms  with  si.v-sided  sum-j 
mits,  which  rapidly  change  in  the  air,  with  loss  of  8  atoms  of  water,! 
into  the  salt  «.     If  this  change  takes  place  very  slowly,  the  cryt-tals  are' 
converte<l  into  a  mass  of  needles  of  salt  «.  (Rammelsberg,  Pogg.  44, 548.) 

The  salt  dissolves  at  14-5'^  in  13*8  parts  of  water:  it  is  insoluble  ia 
alcohol.  (Gay-Lussac.) 

Anhydroiu.  Bihydrated.  Rammcliibetig. 


N«0 

I0»  

..     31-2     ...     15-82 
..  166-0     ....     84-18 

NaO 

lO*  

2HO    .... 

31-2      ...     14-50 

166-0     ....     77-14 

180     ...      8-36 

....     14-41 
....     7712 
....      8-47 

NbO,  I0».. 

N.OIO*., 
6HO    

.  197-2      . .  100-00 

Scihydrstcd. 
.  197-2     ....       78-5 
.     540     ....       21-5 

+  2Aq. ... 

NaO,  IO» 
lOHO    ... 

215-2     ....  100-00 

Dccabydnted. 

197  2     ..      68-66 

90-0     ..     31-34 

....  100-00 

Rammelsberg. 
....       68-2 
...       31-8 

+  6Aq.    .. 

.  251-2     ...     1000 

+  lOAq. 

287-2     ...  100-00 

...     1000 

h.  Biniodate  of  Soda. — To  an  aqueous  solntion  of  terchloride  of  iodine 
simple  iodate  of  soda  is  added  first,  and  alcohol  afterwards; — the  biniodate 
then  falls  down.  But  this  salt,  if  dissolved  in  water  and  evaporated,  yielda 
crystals  of  the  simple  iodate,  and  an  acid  mother  liquor.  (Serullas,  Ann. 
Chim.  I'hys.  45,  59.)  By  evaporating  also  a  mixture  of  the  iodute  with 
nn  excess  of  iodic  acid,  the  simple  salt  crystallizes  out  IJrst,  and  then  the 
iodic  acid.  (Rammelsberg.)  Penny  obtained  a  bin-acid  and  tcr-acid  salt, 
bjr  treating  the  fiimj)le  iodate  with  nitric  acid  [yid.  tvpra). 
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F.  PKRionATE  OR  HtPERioDATE  OP  Soda. — a.  Dirperiodate. — 1.  The 
fani'.'  uif thnd  U  employod  as  in  tbo  preparation  of  tlio  iodate  according  to 
Lirbiif  (III.,  107),  except  that  an  cxceaa  of  carbonate  of  soda  and  clilorine 
is  used,  (according  to  Benckiser,  7  parts  of  carbonate  dried  in  the  air  and 
one  part  of  iodine) — and  the  solution  is  evaporated  at  a  temperature  near 
100,  till  the  salt  separalea. — 2.  Better:  Chlorino  jraa  is  passed  throuifh 
a  wami  solutiun  of  iodate  of  soda  and  cauatic  soda.  The  salt  is  then 
deposited  in  a  crystiUlino  form,  as  the  concentrated  solution  cools.  At  a 
low  red  heat  it  runs  together  and  evolves  1 0-258  per  cent.  (3  At.)  of 
iraterjand  17'895  per  cent.  (6  At.)  of  oxygen,  leaving  dihypoiodite  of  soda, 

2N»0.  IC  +  3HO  =  2NaO,  lO  +  CO  +  3H0 ; 

afterwards,  at  a  full  red  heat  it  evolves  4'767  per  cent,  more  of  oxygeu 
[this  amounts  to  only  1-3  atom.s,  and  the  loss  should  really  bo  2  ntoms]H 
the  residue  consists  of  soda  and  iodi<le  of  sodium  in  equal  numbers  of 
ntotns.  Insoluble  in  cold,  and  but  slightly  iu  hot  water.  (Magnus  & 
Amiiieriniiller,  Potjri.  28,  514.)  Dissolves  easily  in  dilute  acetic  acid,  with 
fumialiun  of  iodate  of  soda  and  formic  acid.  (Benckiser,  Ami.  Pkaiin. 
17,  254.) 

Anhydrous. 

2NaO   62-4    25-53 

lO?  182-0    74--17 


2NaO,  10' 


241-4     100-00 


2N»0. 

lO? 

3HO  . 


Crystalliied. 

62-4     22-991 

192-0    67-06) 


27-0 


9-95 


Klagnns  &  AmmermtiUer. 

8974 

10-26 


2S»0,IO'"  +  3Aq.         271-4     10000 


10000 


b.  MonoperiodaU. — ^The  salt  a  is  dissolved  iu  aqueous  hyperiodio  ao!j 
to  Kiturntion,  and  evaporated  to  the  crystallizing  point.  Colourlesi 
crystals  j>crmanent  in  the  air,  and  not  containing  water.  At  a  red  heat 
it  is  resolved  into  28-754  ]>er  cent,  of  oxygen  gas  and  71-949  per  cent. 
Read.ily  soluble   in    water.  (Magnus   &    Aramer- 

Calculttion. 


of  iodido  of  sodium. 
miiUer.) 


N»0. 
IC  . 


31-2 
1B2-0 


14-03 
85-37 


NaO.lO' 213-2 


100-00 


Sodium  and  Bkcuine. 

A.  Bromide  of  Sodium. — 1.  An  a((ucou8  solution  of  hydrohromic 
acid  is  saturated  with  soda  and  evaporated  at  a  temperaturo  above  30". 
,\i..  .\.,.^\\f.\^^  I'^jfj  17^  385.)— 2.  Bromide  of  iron  di.ssolved  in  water  is 
•d  by  carbonate  of  soda,  in  atomic  proportions — tho  niixturo 
t>.,]i.n  H.r  a  short  time — then  liltered  and  evaporated.  (0.  Henry, 
J.  I'harm.  15,  54.) — Crystallizes  in  cubes.  (Mitschcrlich.)  Taates  rather 
alkaline  than  saline.  (O.  Henry.)  Crystallizes  from  an  aqueous  solutiou 
at  ordinary  t«.'niperature»,  in  combination  with  4  atoms  of  water,  iu 
filili'iue  rliuml>ic  prisma  which  perfectly  agree  with  those  of  Uie  hydratcd 
iodjjo  of  oodium  (HI.,  195).  {^iUclieriitli.)     They  -jlio  veWviC\>'^i  a.'a\W%% 


no 
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when    heated,  leaving   bromide   of  mxiiam.     At  orclinxrj  tempentur 
they  ore  permanent  in  the  air.  (Mitscborlich.)     Readily  soluble  in  wi 
ana  alcohol.   (0.  Henry.) 

Anhydnof.  Mydntei.  Mit9<-be>rliii 

N»   232       ,.     22-83  N»Br    lOJ-6       ..     73-8<      ...     73-63 

Br 78-4     ....     7717  4HO 360     ....     2616    ....     26-37 


Na.Br.  101-6 


10000 


NaBr  +  4Aq 137-6 


lOOOO 


100-00 


B.  Htdrateo  Perbromtde  op  SomnM  or  Hidrobromite  op  Sodjl. 
Behaves  like  the  corresponding  potash-oomponud.  (Balard.) 

C.  Htpobrcmite  op  Soda. — A  small  quantity  of  bromine  added 

Boltition  of  soda,  imparts  to  it  bleaching  properties  which  increase  wit 
the  addition  of  more  bromine;  but  if  an  excess  be  adde<l,  the  bleacliinfl 
power  is  destroyed,  owing  to  the  formation  of  bromate  of  soda   which 
separates  on  conceutrating  the  solution.     The  behaviour  of  bromine  wit" 
ciirliouate  of  soda  is  also  precisely  similar  to  that  described  nndcr  pota 
(Balard.) 


D.  Bromate  of  Soda. — Prepared  similarly  to  bromate  of  potash.- 
Crv.-itnlliKes  from  the  aqueous  solution  at  a  temperature  above  4°,  in  small 
anhydrous  shining  crystals,   identical   in   form  with  those  of  bromate 
potai-h  (Lijwig)  and  chlorate  of  soda.   (.Mit«cherlich.)     Tetraiiedrons  will 
the  surfaces  of  the  opposite  tetrahedron,  the  cube,  and  the  rbomboidi 
dodpcjihedron.  (Rammelslierg,  Fogg,  52,  85.)     The  crystnls  melt  when 
healed,  and  iitk  converted,  with  loss  of  oxygen,  into  bromide  of  sodium. 
They  detonate  on   ignited  charcoal,  and  also  by  percussion,  when  mixi 
with  various  combustible  substances.  (Lijwi^.) 

Calculation. 

ViO 31-2         20-86 

BK)» 118  4         79-14 


lU 

M 


N»0.  BrO« 


149-6 


10000 


Below  4°  the  salt  crystallizes  from  its  solution  in  long  fonr-sided 
needles  containing  water,  which  effloresce  in  the  air  without  losing  their 
form.  (Lowig,  Mag.  Phann.  33,  6.) — One  part  of  the  anhydrooB  salt  dii 
solves  at  12''  in  2-7  parts  of  water.  (Riuumelsberg.) 


SODIDM   AJi-D  ChLORIKE. 

A.  CnLoRiDE  OP  Sodium. — Common  tafi,  Itoek-saN,  Sea-mil. — Found 
in  salt  beds  and  in  some  sandy  deserts;  in  the  decrepitating  rock-salt  of 
Wiclizka,  which  evolves  an  inflammable  gas  when  dissolved   in   water.r 
(Dumas.  Ann.  Chim.  Phyi.  43,  316^  also  Schw.  59,  486;  H.  Rose,  Fogg.l 
48,  SS.'?;  vid.  II.,  43.) 

Sodium  bums  at  ordinary  temperatures  in  chlorine  gas,    omittioj 
bright  red  sparks  and  forming  chloride  of  sodium.  (H.   Davy.)     WitI 
hydrochloric  acid  gas,  sodium  and  soda  behave  exactly  like  potaniam^ 
and  potash. 

The  salt  is  obtained: — 1.  By  mechanical  extraction  from  salt-beds. — J 
2.  By  dissolving  impure  rock  salt  in  fresh  water,  in  the  water  of  salt-j 
springs  or  in  sea-water,  and  then  decanting  and  evaporating, — 3.  By  boiling! 
aowji  the  liquid  from  the  sali-^priugs,  after  it  btu  beenc  onceutrated  eiUierj 
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hy  cxporaro  to  the  air  in  tho  Graduating  Work*  (Gradirtrerken)  or,  more 
Twrcly.  by  partiHl  congelation  of  the  water. — 4.  By  the  evaporation  of  sea- 
w»ter  rither  in  the  sun  or  by  artificial  heat. — The  impurities  in  common 
•alt — consisting  of  sulphate  of  goda,  with  chloride  of  calcium  and  enlphato 
of  lime,  chloride  of  magnesium  and  sulphate  of  magnesia,  which  give  it  a 
•harper  and  more  bitter  taste, — may  be  separated  by  precipitation,  first 
witii  chloride  of  barium,  and  then  with  carbonate  of  soda  at  a  high  tem- 
j.'T-jtiire, — then  filtering  and  neutralizing  the  excesa  of  carbonate  of  soda 
>j1i  hydrochloric  acid.  Fuchs  {Kattn.  .-IrcA.  7,  409)  precipitates  tho 
Hi ;i_'nc*ia  from  the  solution  of  salt  by  milk  of  lime — then  the  sulphuric 
:iM  from  the  filtrate,  by  chloride  of  barium — then  filters  again — precipi- 
»  ii.  >  the  lime  and  baryta  by  carbonate  of  ammonia— evaporates  the  clear 
liijuid  to  dryness — and  exposes  tho  residue  to  a  red  heat.  Witlsteia 
{R'vrrl  65,  aGI)  proceeds  in  the  same  manner,  excepting  that  he  uses 
of  soda  instead  of  ammonia,  which  precipitates  tho  lime  lesaJ 
'v;  he  then  filters  and  neutralizes  the  excess  of  soda  by  weans' 
vi  ijydrochloric  acid.  Tho  iodide  or  bromide  of  sodium  possibly  present, 
o:iiiiii)t,  however,  be  separated  by  either  of  these  methods,  but  only  by 
repealed  crystallization;  it  then  remains  in  the  mother-liquid. 

Chloride  of  sodium  crystallizes  in  cubes,  octohedrons,  and  hollow 
•quaro  jijTamids.  It  is  either  transparent  or  translucent.  Specific  gra- 
Tily  =  20.3  (Unger)  2078  (Knrsteu),  21.5  (Kopp).  That  which  has 
been  rn)>idly  crystallized  decrepitates  in  the  fire.  Common  salt  fuses  at 
r.  ,...1  I'  :it,  and  forms  a  crystalline  mass  on  cooling.  At  a  white  beat  it 
It  is  somcwiiat  lees  volatile  than  chloride  of  potaenium; 
liui  iiKi'  that  salt,  it  sublimes  at  a  low-red  heat  in  open,  but  not  in  covered 
crucibles.  (H.  Rose.)     It  has  a  pure  saline  taste. 


N»  .. 

23-2    39-59    39-98    .. 

39-767 

CI 

35-4     60-41     60-02    .. 

60-238 

NaCl 

58-6    100-00    10000    . 

100-000 

Or: 

Calculation.             Kirwan.    BerthoUet 

BencHiu.    WiegUeb. 

V»n    , 

31-2     ....     ."iS^^     ....     53     ....     53-2     ... 

53-44     ....     53-4 

MuO"    _. 

87-4     ....     46-76    ....    47    ....    46:8     ... 

46-56     .  .     46-5 

N*0,MuO» 

S8-6    ....  10000    ....  100    ....  1000    ... 

.   100-00    ....  100-0 

Wenzel,  Marcet,          Dalton. 

B^nrd. 

N»0   54        66        

57 

MnO» 46         44 

43 

100         100         

100 

'  ■  ith  potassium,  it  yields  chloride  of  potassium  and  metallic  sodinm 

I    .  ,  ).    Produces  a  email  quantity  of  sulphide  of  sodium  when  mixed 

in  a  stale  of  fusion  with  sulphur.  (A.    Vogel.)     When  healed  to  red- 
u«M  with  silica,  it  yiehls  silicate  of  soda  and  hy<lrochloric  acid  gas,  tho 
dxouiposiiiou  taking  jilace  rajiidly,  if  vapour  of  water  ha«  accx-.-js  to  tho 
iii'\iiirL'.     With  nil  of  vitriol,  it  gives  sulphate  of  soda  and  hydrochloric 
According  to  Bcrthollet,  it  also  evolves  a  small  quantity  of 
:.    ..    .  ..I'.iric  acid  gas  by  distillation  with  oxalic  acid,  but  not  with  acetio 

fti-id.  In  loliition,  it  i.'J  decomposed  by  excess  of  oxide  of  lead,  the  pro- 
duct* being  soda  and  sub-chloride  of  lead,  Pb'Cl  (Scheele);  nitrate  of 
aminuntu  likewise  decomposes  it  by  double  affinity.  (KaTstcw.^ 
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TetmhydraUil  Chloride  of  Sodium,  or  Ttrhydi-altd  Bydrochtoratt 
Soda. — Crvstallixos  from  a  satnnitcd  solution  of  common  salt  in  water 
—  10\    (Lowiti,  Crell  Ann.  17l>.i,  1,  314;  Fuchs,  Kattn.  Arch.  7,  407 
The  crystals  begin  to  form  nt  —  5".  (Nolle,  Ann.  P/utrvi.  2,  93.)  — Larj! 
transparent  prisms,  of  the  same  form  and  with  the  Eamo  angles  &8  tii«  LyJ 
dratcdio(lidcofsodium(II.,  lOj).  (Mitschorlich,  y-'o_<7(7.  17.385.)  Aocordin 
to  Hankcl  {Pogg.  53,  623),  tho  7/j-8urfacc  is  present  whilst  the  i-surfacc  iil 
wanting;  and  a  :  7/1.  =  111°;  A  :  7rt  =  122";  >  :  a  =  IIG^.    The  crjatala 
effloresce  in  the  air  lielow  0^;  the  efflorescence  begins  just  above  —  10*. 
(Mit«cherlich);  above  0",  they  deliquesce  and  leave  a  powder  consisting  i 
small  cubes.  (Fuchs.)     They  become  opaque  with  the  slightest  touch 
the  hand,  and  then  retain  their  external  form  even  above  0 ',  whilst  inter 
ually  they  are  converted  into  very  small  cubes.  (Manx,  Sdiw.  49,  161.) 


N»CL 

Cftlruladon. 
....     58-6     ....     61-94 

iliUchcTlich. 

59-89    .... 

40-11     .... 

Fuchs. 
..     54-2     . 
...    43-8     .. 

LoviU. 
52 

4HO 

..     36-0     ....     3806 

48 

N>C1.4Ai 

1.      94-6     ....  100-00 

10000      ... 

...  1000    .. 

100 

It  is  difficult  to  free  the  crystals  from  the  whole  of  the  mother-liqaidJ 
(Mitscherlich.) 

If  a  dilute  solution  of  common  salt  is  allowed  to  evaporate  at  15°  on  %* 
glass  plate,  large  eix-sided  tables  of  the  hydrated  salt  may  be  observed 
by  the  microscope  to  crystallize  out  first;  and  in  these,  as  tho  wholst 
becomes  drier,  small  cubes  are  formed,  which  increase  and  gradaallj-l 
absorb  all  the  substance  of  the  tabular  crystals;  sometimes  this  trans-l 
fommtion  takes  place  quite  suddenly.  (Ehrenberg,  Pogg.  4C,  240;  Fran-I 
keuhcim,  Pogg.  37,  638.) 

Solution  of  Chloride  of  Sodium. — One  part  of  pure  common  salt 
rcjuires,  at  all  temperatures  between  0'  and  100",  '2'1  parts  of  water  for 
soliitiun  (18  At.)  (Fuchs).  If  the  Kilt  is  adulterated  with  chloride  of 
calcium  or  chloride  of  magnesium,  jiart  of  it  separates  on  cooling  a 
solution  saturated  at  a  boiling  heat:  even  a  solution  of  these  chlorides 
eaturat^ed  in  tlft  cold  precipitates  a  portion  of  the  salt  from  a  solution  ^1 
of  pure  chloride  of  sodium  likewise  saturated  in  tho  cold.  (Fuchs.) ^H 
One  part  of  pure  salt  dissolves  at  14^  in  2-78;  at  60°  in  27;  and  ^^j 
10.0-7'  in  2-48  parts  of  water.  (Gay-Lu?sac.)  Common  salt  dissolves  in 
2-59  parts  of  cold,  and  in  2-77  jiartd  of  hot  water.  (Bergman.)  Perfectly 
pure  salt  dissolves  in  2-77  parts  of  water  at  1°,  and  in  2-56  parts  of  boil- 
ing water;  at  all  events,  the  deposition  of  salt  from  the  latter  solution 
lakes  place  only  when  the  liquid  is  cooled  in  open  vessels — in  covered 
vessels  no  salt  is  deposited:  the  presence  of  other  salts  increases  its  8ola> 
bility  considerably.  (Unger,  J.  jtr.  Chtm.  8,  285.)  One  part  of  common 
salt  dissolves  at  25°  in  2-8  parts  of  water.  (Kopp.)  One  part  dissolves 
in  2-73S  parts  of  water  .at  18-75°,  forming  a  liquid  of  specific  gravity 
1-2046.  (Karsteu.)  The  specific  gravity  of  a  solution  saturated  at  8^  is 
1-205.  (Anthon.)  At  a  very  low  temperature,  tasteless  ice  freezes  out  of 
tho  solution.  (Xavicr,  Crell.  Chem.  J.  1,  212.)  Concoutratcd  hydrochlo- 
ric acid  precipitates  salt  from  a  saturated  solution.  Common  salt  is 
slightly  dissolved  by  dilute  alcohol,  but  is  scarcely  soluble  in  absolute 
alc.ohol.  %.  R.  W.igner  {J.  fur  pract.  Cliem.  40,  448)  gives  tho  following 
table  of  the  solubility  of  common  salt  io  alcohol  of  ditferent  strengths : 
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Pit  eent  of  kbtol. 

AJ. 

Temperature. 

Frr  cent,  of  ult  dissolved. 

750 

WO 

0C61 

is'-a 

o;(to 

sso-o 

0/-36 

71°-5 

103.^ 

_          95-5 

10°0 

0174 

■ 

77''-2 

0171  t 

Hypochlorite  of  Soda. — Hitberto  obtained  only  in  the  state  of 

r«  with   chloride   of  eodium    in   the  so-called   Chloride   of  Soda.'. 

hloriue  is  passed  tlirongh  a  solution  of  soda  or  carbonate  of  soda  in  the 

oportion  of  rather  less   than  1    At.    chlorine   to   1    At.    soda;   e,    t/. 

trough   a  solution   of  carbonate,    till    tho   liquid   begins  to   etTorvesce 

Ironijly;    a  proof  that  more  than  oue  half  of  the  soda  ia  already  com- 

inetlwith  chlorine.     Labarraque  {J.  Chivi.  Med.  2,  105)  prepares  the 

joid  culled  after  his  name,  by  j)a8sing  chlorine  (evolved  from  576  parts 

cumtnon  salt,  448  parts  of  manganese,  576  parts  of  oil  of  vitriol,  and  448 

»rt«  of  water,  with  the  aid  of  heat)  through  a  solution  of  2500  parts  of 

y&tallizc<l  carbonate  of  soda  in  10,000  parts  of  water.     About  half  an 

loin  of  chlorine  only  is  thus  presented  to  one  atom  of  the  carbonate. 

^von   precipitates  chloride  of  lime  in  solution   with  carbonate  of  sotia, 

nd  decauls  the  clear  liquid  from  the  carbonate  of  lime  thereby  produced. 

If  the  current  of  chlorine  gas  be  stopped  just  before  effervoscenco 

egins,  n  pale  yellow  liquid  is  obtained,  smelling  slightly  of  chlorine,  and 

kvinga  sharp,  biting,  saline,  but  scarcely  alkaline  taste, — iirst  reddening, 

till  then  bleaching  turmeric  j)aper.    It  loses  scarcely  any  of  its  bleaching 

wwer  by  boiling,  but  more  than  half  if  rapidly  evaporated  to  dryness; 

as  however  by  slow  evaporation.     If  a  given  quantity  of  the  liquid  bo 

ixed  with  dilute  sulphuric  acid,  ami  atniot<pheric  air  passed  through  it 

""  Dg  as  chlorine  escapes  (the  chlorine  being  evolved  from  the  hypochlo- 

itcidand   the   equivalent  quantity  of  chloride  of  sodium:   2S0' -|- 

|»a  +  NaO.ClO  =  2(NaO,SO^)  +  2C1),  the  residue  gives,  withasolu- 

lon    of  silver,  a  precipitate,  the   quantity  of  which  may   be    assumed 

1  p&rt.  [This  arises  from  the  small  quantity  of  chloride  of  sodium, 

^hidi  «raa  formed  together  with  some  chlorate  of  soda.]      The   same 

sure  of  the  liquid   mixed  with  solution  of  silver  immediately  after 

iding  the  dilute  sulphuric  acid,  gives  60  such  parts  of  chloride  of  sil- 

tT.     [In  this  case,  tho  silver  is  precipitated  by  the  chlorine  set  free  from 

■"  '•i.r..>-i.le  of  sodium  and  the  hyi>ochlorito  of  soda,]    A  third  such  quan- 

1  by  itself  for  two  hours  evolves  chlorine,  loses  a  little  of  its 

li;  jwwer,  and  yields  with  a  solution  of  silver — after  being  treated 

Htlt  dilute  8ul]>hurio  acid,  and  a  current  of  air  passed  through— 3  parts 

chloride  of  silver.  [Thus  by  the  boiling,  the  quantity  of  chlorate  of 

Ja  and   the  corresponding  amount  of  chloride  of  sodium  is  increased 

^Id.]     A  similar  quantity  of  the  liquid  left  for  12  days  by  itself,  and 

I'treftted  as  above  with  dilute  acid  and  a  current  of  air,  gives  0  porta 

"eWoride  of  silver.     An  equal  quantity  spontaneously  evaporated  in  the 

leaves  crystals  consisting  almost  entirely  of  carbonate  of  soda,  and 

Dt  cajMibIc  of  bleaching,  even  on  the  addition  of  sulphuric  acid.   The  resi- 

ne  treated  with  sulphuric  acid  and  the  current  of  air  as  before,  gives  but 

•5  purls  of  chloride  of  silver;  showing  that  but  little  chlorate  of  soda  ia 

foJucod,  and  that  tho  greater  part  of  the  chlorine  escapes  during  the 

stion.     After  rapid  evaporation,  on  the  contrary,  the  liquid  stilli 

^i  of  its  former  bloacliing  power.      Carbonic  acid  gas  passed 

brnugb  the  liquid  carries  off  but  little  chlorine,  and  but  slightly  affecti 
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its  bleaoliinc  property;  atmospheric  air  proJacos  still  leas  effect  (Panulaj, 
y.  Quart.  J.  2,  84.)     A  liquid  of  this  kind  boiled  down  till  it  becomes 
covered  with  a  film  of  salt,  yields — besides  a  mother-liquor  containing  c*f- 
bonato  of  soda — needle-shaped  crystals  which  decolorize  solution  of  indigOi^H 
(R.  Phillips,  Pfiil.  Mag.  Ann.  \,  37Cj  also  Kastn.  Arc/i.  1 1,  211.)     WhedH 
an  aqueous  solution  of  carbonate  of  soda  is  supersaturated  with  chlorine^i 
gas,  a  yellow  liquid  is  obtained  which  bleaches  powerfully.     If  this  is 
evaporated  by  exposure  to  the  air  in  a  thin  stratum,  the  residue  tnms 
turmeric  paper  brown  before  it  bleaches  it, — a  proof  that,  notwithstanding 
the  excess  of  chlorine,  part  of  the  carbonate  has  remained  undecomposedl 
On  boiling,  the  liquid  evolves  chlorine, — becomes  colourless — and   when 
evaporated  leaves  chloride  of  sodium,  chlorate  of  soda,  and  a  small  quan- 
tity of  carbonate.  (Faraday.) 

If  the  chlorine,  evolved  from  10  parts  of  common  salt,  8  parts  of  per 
oxide  of  manganese,  and  14  parts  of  oil  of  vitriol,  is  ]^>a8sed  into  10  pari 
of  dry  powdered  carbonate  of  soda  moistened  with  one  part  of  water  on! 
the  bleaching  compound  is  obtained  in  the  solid  form,  mixed  with  bicar' 
uate  of  soda.  (Ph.  Mayer  &  Schindlcr,  Repert.  31,  1.) 


T  C.   Chlorite  or  Soda. — Obtained  in    the  same  manner  as  the 
pntash-salt.     Deliquescent,  but  resists  the  action  of  heat  better  than  chl 
rite  of  potash.     In  the  solid  state,  it  does  not  decompose  below  2j0' 
When  raised  to  that  temperature,  it  first  melts,  and  then  turns  yellow 
the  moment  of  decomposition.  (Millon.)  T 
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D.  CbI/Obatb  of  Soda. — 1.  An  aqneons  solution  of  canstie  soda  or 
carbonate  of  soda  is  saturated  with  chlorine  gas,  the  liquid  boiled,  and  the 
chlorate  of  soda  separated  from  the  chloride  of  sodium  by  cryslallisatioa. 
(Chenevix,  Vauquelin.)     This  separation  is  more  difficult  than  in   tl 
case  of  potash,  because  chlorate  of  soda  and  chloride  of  sodium  do  nt 
differ  much  in  solubility;  hut  by  repeated  crystallization  from  alcoho|j 
iu  which  the  former  dissolves  in  larger  quantity,  the  separation  may 
efl'ectod  to  a  certain  extent.  (Chenevix.) — 2.  Chloric  acid  is  saturated 
with  soda.  (Berzelius.)— 3.  Nino  parts  of  chlorate  of  potash  are  boile 
with  7  parts  of   fluoride  of  silicium  and    sodium  and    with    water, — 
then   filtered  and  evaporated  to  the  crystallizing  point.   (Berzelius.) — ^^^ 
4.   Uitartiuto    of  soda  dissolved   in   boiling    water  is  decomposed    wit^^f 
chlorate  of  potash — the  liquid,  when  cold,  filtered  from  the  crystallizo^^B 
bitartrate  of  potash, — the  latter  washed  with  cold  water — the  whole  then 
evaporated — and  the  crystals  obtained,  freed  from  adhering  cream  of  tar 
by  repeated  crystallization.  (Hopfer  de  I'Ormc,   Mag.  Pharm.  33,  37 
d\  drachms  of  crystallized  carbonate  of  soda  and  11  dr.  4  gr.  of  tartari, 
acid  are  dissolved  in  K  ounces  of  boiling  water;  to  this  is  added  1  oz.  I G  gr; 
of  chlorate  of  potash;  and  the  whole  digested  some  time,  and  left 
cool.  (Hopfer.)     9  parts  of  crystallized  carhouato  of  soda  and  9\  parts  of 
tartaric  acid  are  dissolved  in  48  parts  of  hot  water,  and  8  parts  of  chlo- 
rate of  potash  added;  by  this  means,  7^  parts  of  chlorate  of  soda  are 
obtained.  (Wittstein,  Repert.  63,  216.) 

Regular  tetrahedrons,  in  which   likewise  the  other   four  octohedral 
buxa  appear,  together  with  the  fiices  of  the  cube  and  rhomboidal   dod 
cahodron;    isomoqthous   with    bromate  of  soda.  (Mitschcrlich,  Pogg.  17, 
388.)     It  tastes  fresh  and  slightly  pungent.  (Vauquelin.) 

The  salt  melts  in  the  fire,  and  (nearly  at  the  same  temperature  as  tbi 
potash-salt;   Wachter)  evolves  oxygon  and  chlorine  gases;  the  residue 
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decidotily  alkaline.  On  iguiteJ  cbareoal  it  detonates  rapidly,  fusing  and 
emittinji;  a  yellow^iah  li^bt.  (Vaiiquelin.)  When  bcatud  with  nitric  a«id 
it  it)  decomposed  in  the  game  manner  as  chlumtu  of  putiuh  (II.,  Ul) 
^-into  nitrate  of  soda,  perchlorate  of  soda,  and  oxygen  and  chlorine 
gawx.  (Penny.)  It  becomes  somewhat  moist  iu  tho  air;  requires  3  parts 
of  culd  water  for  solution,  and  nearly  tho  sajno  uuantity  of  hot  wat«r. 
(Cbmevix.)  At  IG',  it  is  soluble  in  34  parts  of  alcohol  of  83  per  cent., 
»nd  in  a  smaller  quantity  of  hot  alcohol. 

CryBtallixod. 


NaO 

cio» 

31-2    ... 
85-4     ... 

....     26-76 
....     73-24 

NsO.ClO*  

...       116fl     ... 

....  100-00 

gs 


E.  Percbloratb  op  Soda. — 1.  Formed  by  saturating  soda  with  per- 
ebloric  acid.  (Serullas.) — 2.  By  decomposing  chlorate  of  soda  with  hot  nitrio 
•cid.  (Penny.)  Transparent  plates.  (Serullas.)  Rhomboids.  ^Penny.) 
Easily  decomposed  bv  heat,  but  not  by  hydrochloric  acid.  (Penny.)  Deli- 
Dcscent.  (Serullas,  i'cuny,  Ann.  Fharm.  37,  203;  also  /.  pr.  Chtm.  23, 
"  )  Soluble  also  in  strong  alcohol.  (Serullas,  .i  rm.  Chim.  Fhys.  46, 297-} 


F.  SuLPBATB  OF  Chloride  of  Sodium. — Prepared  like  the  sulphate 
of  chloride  of  potassium  (III.,  63).  (H.  Rose.) 


Sodium  and  Fluorine. 

A.  FtroRiDE  OF  Sodium, — 1.  Hydrofluoric  acid  is  saturated  with  soda, 
and  tbu  Holution  evaporated  to  the  crystallizing  point. — 2.  100  parts  of  fluo- 
lido  of  ttilicium  and  sodium  are  mixed  with  112  parts  of  dry  carbonate  of 
•oda,  and  reduced  to  a  thin  pa.'ito  with  a  small  quantity  of  water.  The 
RtUtiir.^  U  then  boiled  as  long  as  it  swells  up;  and  the  hard  lumpy  mass 
(I  :)ed  is  reduced  to  powder,  and  again  boiled  with  water  till  all 

L'uiuo.^  ivc-ases;  the  insoluble  portion  is  treated  repeatedly  with  boiling 
nator  a«  long  as  fluoride  of  sodium  is  dissolved  out.  By  this  treatment 
tke  itiiica  is  prevented  from  a8.siiming  the  gelatinous  form.  The  fluoride 
of  »odium,  on  account  of  it«  £|)aring  solubility,  could  not  well  bo  extracted 
fr  ■  '   'inon^  silica,  a  part  of  which  would  also  dissolve  in  tho  water 

11-  I    the  salt  impure.     The  solution  is  evaporated  till  it  becomes 

0|  1  ■  ■  '  1  from  the  separation  of  the  silica  previously  dissolved;  it  is 
tli.i)  |...cirt>il  ofl"  from  the  crv.stals  of  fluoride  of  sodium  already  formed — 
»•  1   by  iti^elf — and  the  residue  heated  to  redness  to  render  the 

»..  lublo.     Gaseous  fluoride  of  silicium  escapes  during  the  ignition, 

if  the  luother-liqnor  contains  any  undecomposcd  fluoride  of  silicium  and 
■odioni,  and  may  bo  more  eff"ectually  got  rid  of  by  igniting  the  residue 
with  carlMjoato  of  ammonia  in  a  covered  crucible.     After  this,  the  tnasVj 
in  di'-:olvpi|,   filtered,    and   cr3r8tallired.     All   these   processes   must   b«' 
<  in  niotallio  voasels,  because  gla«s  Teasels  would  be  attacked. 

^')  .  . 

'iht;  sitlt  crystallijcea  in  cubes  and  octohedrons,  which  are  somelimes 

clear,  mmetimes  oi>uleKcent,  and  often  have  a  pearly  lustre;  it  decrepi- 

ut'  •   in  tho  fire,  and  begins  to  fuse  at  a  temperature  ju«t  above  the 

inolring-point  of  glass;  its  taste  is  less  sharp  than  that  of  fluoride  of 

IKjta^siiiiii.     When  mixed  with  silica,  it  fuses,  wilhout  Aecow\^«.V\OTv, 
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below  ita  own  melting-point ;  on  dissolving  it  in  water,  the  silica  remains 
bcliinJ.     It  is  (Ussolvcu  very  slowly  by  cold  water  (according  to  H.  Rose, 
with  slight  reduction  of  temperature);  23  parts  of  water  at  16'  slowU 
dissolve  one  part  at  most  of  Buorido  of  sodium,  and   uo  more  even  wit 
the  aid  of  heat.     The  solution,  when  evaporated,  again  yields  crj-stals 
the  fluoride,  the  crystallization  being  frequently  attended  with  the  appear 
anco  of  light.     Alcohol  takes  up  very  little  of  the  salt.  (Bcrzvlius,  Po 
1,  13;   Vid.  also  Gay-Lnssac  &  Thenard,  Rechtrch.  2,  21.) 


Na..... 

Calculation, 

according 
23-2  ' 
18-7 

to  Berzelius. 

55-37 

F     ., 

44-63 

N..F. 

Ai-g 

100-00 

B.  Fluoride  op  IIydhooen  and  Sodium. — Fluoride  of  sodium 
aupersaturated  with  hydrofluoric  acid,  and  left  to  evai>orate  spontiueously 
in  the  air.     Small  colourless,  rhomboheilral  crj'stals,   having   a   sb 
purely  acid  tiiste.     They  contain  no  water.     They  turn  white   in  tl 
fire,  without  losing  their  form,  and  evolve  anhydrous  hydrofluoric  acl 
leaving  behind  681   per  cent,  of  fluoride  of  sodium ;  heated  to  redn 
with  6  times  their  weight  of  oxide  of  lead,  they  give  oflT  14-4  per  cent, 
water.     Rather  insoluble  iu  cold,  more  readily  soluble  in  hot  water  (i 
hi-ht/drojluate   of  toda);   separates  again    as  it   coob.  (Berzelius,  Pogy, 
1,  13.) 

Crystallized.  BerzcUas. 

Na?  41-9     68-02     681 

HP 19-7     31-98     31-9 

NaT,  HF  61-6     100-00     1000 

C.  Fluoboride  of  Sodium. — Fluoride  of  sodium  is  ma<lc  to  unite 
hydrofluate  of  boracic  acid.  The  salt  crystallizes  from  an  n<ji 
solution,  slowly  cooled,  in  transjmront,  rectangular,  four-sided  prisms, 
often  shortened  and  approaching  the  cubical  form.  They  contain  no 
water;  fuse  below  a  red  heat;  have  a  bitter,  somewhat  acid  taste ;  and 
redden  litmus  strongly.  The  compound  is  changed,  by  prolonged  cxposuro 
to  heat,  into  g.aseous  fluoride  of  boron  which  escapes,  and  fluoride  of 
sodium  which  remains.  It  is  more  soluble  in  water  than  the  fluoride  of 
hydrogen  and  sodium,  but  only  slightly  soluble  iu  alcohol.  (Berzelius.) 


Sodium  and  Nitbogen. 

A.  Amide  op  Sodium. — Olive-coloured  Sodiunv-compound.  When  _ 
quantity  of  sodium  which  evolves  from  water  100  mea.sures  of  hydrogenJ 
gas,  is  heated  in  ammoniacal  gas,  it  absorbs  tranquilly  between  142  ani|| 
1C3  measures,  setting  100  measures  of  hydrogen  free,  and  assuming  firsi 

a  blue  and  afterwards  a  green  colour.  The  compound  is  of  an  olive-green 
colour,  fuses  readily,  and  exhibits  the  same  relations  as  the  corresponding 
potassium  compound.  (Gay-Lussac  &  Thenard,  RecSterch.  1,  354;  vu'' 
also  Sir  H.  Davy,  Pliil.  T'rantact.  1810,  24.) 

B.  Nitrite  of  Soda.— l.  Prepared  by  heating  nitrate  of  soda  to  i 
particular  temperature,  then  dissolving  in  water,  and  crystallising :  nitrati 
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of  80<la  appears  first;  afterwards  the  nitrite.  (Ueiman,  Hess.)  In  the 
Mothor-liquor,  Deiruan  (Scker.  J.  7,  276)  thought  he  had  found  a  compound 
of  so«la  and  nitric  oxide.  Hess  also  regarded  the  crystjils  which  he  ob- 
tained, not  as  nitrite  of  soda,  butas  soda  combined  with  nitric  oxide.  (See 
however,  what  has  been  said  II.  382,  anil  III.  68.) — 2.  Solution  of  soda  is 
saturated  with  tho  vapour  of  hyj>onitric  acid  evolved  by  heating  fuming 
nitric  acid.  Nitrate  of  soda  is  also  formed  at  tho  same  time.  (Fritzsche.) 
Permanent  rhonibohedrons.  Dissolved  readily  by  water,  but  not  by 
ftlcohul. 

Crystallized.  Hcu, 

N»0  31-2     -IS-Og  Ui 

NO»  38-0     54-91 

N»0,  NO»    C9-2     100  00 

Hess  regards  tho  crystals  as  composed  of  1  atom  of  eoda,  1  atom  of 
nitric  oxide,  and  1  atom  of  water,  but  obsorvcB  himself  that  no  water  is 
expelled  on  fusing  them. 

C.  NiTnATE  OP  Soda. — Rhomboidal  Saltpetre,  Cubit  Nitre,  ChiliSali- 
Brfr*.  Found  native  in  bcils  several  feet  in  thickness,  in  tho  district  of 
Xampa  on  the  borders  of  Chili  and  Peru,  (llivcro,  Sdiw.  34,  450.)  Chili 
Bkltpelrc  contains  JiG'6y8  per  cent,  of  nitrate  of  soda,  1'302  per  cent,  of 
(ucnmon  salt,  2'0  per  cent,  of  water,  with  traces  of  sulphuric  acid  and 
lime.  (Locanu,  J.  Pliann.  18,  102.)  It  contains  99-633  per  cent,  of 
nitrate  of  soda,  0'307  per  cent,  of  common  salt,  with  a  trace  of  lime. 
(Wiitsteiu,  Krjieit.  61,  2H2.)  ^1  Hofsteller  (Ann.  Phann.  45,  340)  gives 
the  following  analysis:  nitrate  of  soda  94'291,  chloride  of  calcium  1-990, 
water  ri>93,  sulpliatc  of  potash  0  238,  nitrate  of  pota.sh  0426,  nitrate  of 
■Mgnosia  0-8j8,  insoluble  residue  0'203.  ^  Prepared  by  saturating  car- 
bonate of  .soda,  or  distilling  common  salt,  with  nitric  acid  ;  also  by  preci- 
pitating nitrate  of  lime  with  sulphate  of  soda,  and  crystallizing.  Belongs 
to  tlie  rhombohedral  system,  its  form  being  an  obtuse  rhomb  {Fig.  141); 
r  :  r  fiaciwards  =  106°  30';  r  :  r  tlownwardi  =  73'  30';  (Brooke,  Ann. 
J'Ail.  21,  452).  Sp.gr.  =  2188  (Marx),  =  220  (Kopp),  =  2-22.')6  (Kar- 
•ten).     It  fuses  when  heated,  and  on  cooling  solidifies  in  a  white  mass. 

Cryit«IUicil.     Longchamp.   Wenzel.    Richter.      Kirwan.    Dalton. 

N»0  .11  2        .IfiC  36-75  37-5  37-9  ■42'31         42-4 

NO*   54-0        63-4  63-25  625  621  5755        57-6 

N»0,  NO»....     85-2       1000         10000         100  0         1000  y9-89       1000 

When  it  is  heated,  pure  oxygen  gas  is  evolved  at  first,  and  nitrite  of 
•oda  formed;  but  afterwards,  the  oxygen  becomes  mixed  with  nitro- 
gen ami  fumes  of  hyponitric  acid.  It  detonates  less  violently  with 
charcoal  and  other  combustible  bodies  than  nitrate  of  potash.  A  mix- 
tan*  of  5  parts  of  nitrate  of  soda,  1  part  of  sulphur,  and  1  part  of 
ctiarcoal  explodes  slowly,  with  a  reddish-yellow  flame.  (Proust,  A'.  Gf/il. 
1,  352.)  A  detonating  powder  (III.  70)  made  with  nitrate  and  carbonate 
ofitudn  and  8ulj>hur,  explodes  very  feebly.  (M.  Meyer.)  When  dissolved 
in  water,  it  is  decomiHtsed  by  sal-ammoniac,  by  double  afiinity  (Karsten); 
•Ino  by  chloride  of  ]>ota«sium  (Longchamp),  and  by  sulphate  of  potn.sh 
(llorveau).  liecomes  moist  only  in  moist  air  and  neliquesces  perfectly, 
Mcordliig  to  Brandos,  iu  an  atmos})hero  saturated  with  vapour  of  water. 
^^Tater  dissolves  it  with  great  reduction  of  tempenvlutQ.    One  '\^ftt\.  ot  \.\i« 
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B&lt  dissolves  at  — 6^  in  1-58;  at  0",  in  1-25;  and  at  119°,  in  0-49  fiarts  of 
WftteT(Mnrx);  it  dissolves  at  2",  in  289;  at  28°,  in  1 -12;  and  at  47",  in  0-77 
parts  of  water  (Osann);  at  18"75',  in  1136  parts  of  water  (Kar»t«n); 
18*5^,  in  1*14  parts  (Kopp).     Sp.  gr.  of  a  saturated  solution  at  18'75' 
1-3760.   {KariUn.)  (From   Ricliter's  tabloa  of  specific  grayity  and 
contage:  Stoichiometrie,  3,  164.) 
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D.  SuipniTE  OF  Nrmic  Oxide  and  Soda. — Similar  in  properties  to     . 
the  potaah-salt,  but  still  more  soluble  in  water.  (Folouze.)  ^H 

E.  Phosphate  or  Soda  and  Ammonia. — Phosphoric  salt,  MicroeogmU 
»ah,  Sal  M.icrocotmicum,  Sal  urince  nativum  ten  futibiit.  Found  in  human 
urine. — 1.  Five  parts  of  crystallined  diphosphate  of  soda  (III.  D,  6.  y) 
ami  2  parts  of  crystallized  diphoi-phate  of  ammonia  nre  dissolved  in  hot 
water,  and  then  cooled.  The  mother-liquor,  on  further  evaporation  an 
cooling,  yields  more  crystals;  but  after  each  evaporation,  the  amnioui) 
Tolatilizcd  must  be  replaced. — 2.  FromG  to  7  parts  of  common  diphosphs' 
of  soda  are  dissolved  in  hoi  water  with  1  jmrt  of  sal-ammoniac,  and 
solution  filtered  and  left  to  cool.  (Berzelius.)  The  salt  obtained  by  this 
iuetho<l  is  contaminated  with  chloride  of  sodium.  (Wittstein.)  If  tho 
ordinary  phosphate  of  soda  contains  pyrophosphate  mixed  with  it,  tho 
fonucr  alone  yields  crystals  of  the  phosphate  of  soda  and  ammonia  who^H 
mixed  with  the  sal-ammoniac;  the  latter  crystallizes  out  by  itsel^H 
(Winckler,  Ilrpfrt.  36,  100.)  ^^ 

Large  transparent  and  colourless  prisms,  belonging  to  the   oblique 
prismatic  system  {Fig.   101,   102,  and  other   forms).      «  :e  =  150"    "" 
t  :  d  (tho  face  nndor  c)  =  123'  28';    i  :  t  =  99°  17i';    ♦    :  f  (baci 
wards)  =  144'  34';    t  :  h  (forwards)   =  58°  9^;  rf  :  «  =  145°  49';  t 
=  138°  52';  t  :  u  or  «'  =  93°  4';  i  :  a  =  137°  16';  a  :  n  =  135 
M  :  M*  =  38°  44';    u  :  «  =  109°  22',   &c.    (Mitscherlich.)     Tho  cr 
have  a  saline,  fresh,  and  somewhat  ammoniaoal  taste.  (Proust.) 
exposed  to  the  air,  they  effloresce  on  the  surface  and  give  off  ammonia 
they  melt  very  easily.     Tho  salt,  when  carefully  heated,  loses  8  atoms  oL 
water,  with  all  the  ammonia,  leaving  NaO,  2H0,  cPO'.  (Gmlinm.)     At  a 
stronger  heat  it  gives  off  all  its  water  and  is  converted  into  simple  meta-- 
pho.sphate  of  soda,  NaO,  nPO',  having  the  form  of  a  transparent  glass,  ani' 
amounting,  according  to  Mitscherlich,  to  48-71  per  cent.     In  this  stato, 
is  usc<i  in  blow-pipe  experiments  as  a  flux  for  a  variety  of  substances, 
dissolves  readily  in  water;  the  solution,  however,  loses  ammonia  whi 
heated. 

Cryatallued.  Mhschcrlich.           RiflWolt 

NH'  „ 17'0    ....      Bll     9000 

N»0  „... 31-2    ....     H-891  ,..,,            (  l4-8ra 

cPO* „ „     71-4     ....     3406r  ""  1  34-491 

lOHO    900     ....     42-94     41-634 

NH«0,NaO,  H0,cP0»  +  8Aq.     209-6     ....  100-00     100000 

IT  F.  PrROPnoepHATE  of  Soda  and  Ammonia. — A  solution  of  aciil^^ 
pyrophosphate  of  soda  is  saturated  with  ammonia,  and  the  liquid  evaporated 
over  a  mixture  of  burnt  lime  and  sal-ammoniac.     The  double  salt  cry*-, 
tallizcs  in  prisms  which  appear  to  belong  to  the  oblioue  prismatic  system, 
White;  readily  soluble  in  water;  tho  solution  evolves  ammonia  when 
boiled^  and  afterwards  contains  acid  pyrophosphate  of  eoda. 


PHOSPHATE  OF  SODA  AND   POTASH.  119 

Ciystallized.  Scfawanenberg. 

NH>    „ 170    ....      9-79  1018 

N«0    31-2    ....     17-97  17-70 

»PO»   „ 71-4    ....     <1-1Z  40-55 

6HO    S4-0     ....    3112  31-57 

NH«0,  NbO,  iPO*  +  5Aq.     173-6     ....  10000         ~,       10000 
(Schwarzenberg,  2  nn.  Chim.  Pharm.  65,  2.)  IT 

G.  SriPHATE  OP  Soda  and  Ammonia. — Crystallizes  in  short  prisms; 
taeten  saline  and  rather  bitter.  Permanent  in  the  air.  Decrepitates 
when  healed,  and  then  swells  np,  evolving  ammonia  and  acid  sulphate 
of  ammonia,  and  leaving  sulphate  of  soda.  (Link,  Crell.  Ann.  1796,  1, 
30;  Scjruin,  Ann.  Chim.  91,  219;  Uiffault,  Ann,  Chim.  Phyt.  20,  432; 
also  Schw.  36,  433.) 

Cryitallised.  RiffiuU. 

NH»  17-0    ....       9-82         9678 

NaO 31-3    ....     18-01        18  550 

aSO» „ 80-0    ....     46-19        45-740 

aHO 45-0     ....     25-98         26032 

KHH3,  NaO,  2SO>+ 4Aq.   173-2     ....10000        100000 


Sodium  akd  Potassium. 

A.  Alloy  of  Sodium  axd  Potassium. — These  two  metals  unite 
nsidiij.  One  part  of  sodium  forms,  with  from  ^  to  10  parts  of  potassium, 
a  rotoix>and  which  remain.s  fluid  at  0'^;  when  too  much  sodium  is  used,  the 
alloy  becomes  brittle  and  crystalline.  An  alloy  of  1  part  of  sodium  and 
10  parts  of  potassium  floats  on  rock-oil.  (According  to  bbttger,  however, 
/.  pr.  Chem.  1,  303,  it  does  nut.)  In  all  these  alloys,  the  potassium  bo- 
oxidizod  first.  (Gay-Lussoc  &  Th6nard.) 


B.  Caiibonatb  op  Soda  and  Potash. — A  mixture  of  1  atom  of 
eaHKinali;  of  potash  and  1  atom  of  carbonate  of  suda,  fuses  much  sooner 
tbAD  either  of  these  salts  alone.  (Mitscherlich,  Pogg.  14,  180.) 

^  According  to  Marguerite  (J.  de  Pluirtn.  <k  Chim,  7,  344,  Ann. 
PkuTM.  56,  22U),  a  double  carlionate  of  potash  and  soda  is  obtained  by  the 
npoited  concentration  and  crystallization  of  the  mother-liquor  of  icrro- 
eranide  of  pota»«ium;  or  more  ilirn-tly  by  dissolving  carbonate  of  so<la  with 
exwM  of  carbonate  of  potash  and  concentrating.  The  salt  forms  slender, 
venr  soluble  crystals  which  uielt  in  their  own  waterofcrystAllizatiou  at  40", 
aaa  effloresce  in  vacuo;  in  the  air  they  undergo  scarcely  any  alteration. 
By  recryvlallization  the  salt  is  decomposed.  It  readily  crystillizes,  ho*f- 
•rer,  wi'thout  alteration  from  a  saturated  solution  of  carbonate  of  potash. 
Tbo  formuhi  of  the  salt  is  2(N»0,  CO')  -1-  KO,  CO*  +  18  Aq.  % 

C.  Phosphate  of  Soda  and  Potash. — Ordinary  monophosphate  of 
pota«ii  is  neutralized  with  carbonate  of  so<la  and  left  to  crystallize.  The 
coaponnd  soil  crystallizes  out  perfectly  in  combiuatiun  with  water. 
CrrauUiae  system,  tho  oblique  prismatic  {Fi'j.  107,  108,  and  other 
forms);  iit  =  96°  21';  i  :  u  or  »'  =  94°  1';  i  :  a  =  122»  27';  »  :  A 
Ixithearda  =  116°  27':  u  :  u'  =  78'  40*;  u  :  t  =  129'  20*;  «  :  i  =  117* 
U;  u'  :  TO  =  140"  40'  and  ao  on.  (Mitscherlich  ) 


ISO 


SODIUM. 


Cryttallued. 

KO  47-2     ....     lS-591 

N«0 31-2     ....     10-30> 

cPO» , 71.4     ....     23-58) 

17UO  153-0     ....     50-o3 

KO;NaO,HO,cPO»  +  16Aq.     302-8     ...100-00 


Mitsdierlidi, 


49-6 
50-4 


1000 


^  D.  PrnoPHOspHATE  op  Soda  and  PoTA.sn. — When  a  solution  of 
the  acid  pyrophosphate  of  soda  is  saturated  witli  carbonate  of  potash  and 
the  liquid  concentrated  to  a  thin  syrup,  the  wholu  solidifies  on  cooling 
a  mass  of  fine  aoicular  crystals  which  appear  to  belong  to  the  obhqr 
prismatic  83rstem.  The  salt  is  white  and  transparent;  the  solution  bag 
alkaline  reaction. 


KO... 

N»0 

SPO* 


escalation. 
47-2     ....     18-30 
31-2     ....     1210 
71-4     ....     27-71 


12HO 108-0 


41-89 


KO,  NaO,  4PO^  +  12Aq 257-8     ...10000 

(A.  Schwarienberg,  Ann.  Chim.  ot  Phaitn.  65,  2.)  % 


18-18 
1208 
27-64 
42-10 


100-00 


E.  ScLPHATE  OF  SoDA  AKD  PoTASu. — A  mixture  of  the  sulphat 
of  potash  and  soda  in  equal  numbers  of  atoms  fuses  much  more  readil 
than  sulphate  of  potash  alone.  The  mass  is  glassy  when  cold  and  wh 
cooling  cracks  in  many  places,  without  however  emitting  light;  at  the 
Bame  time  it  becomes  brittle  but  not  crystalline.  When  it  is  dissolved  in 
hot  water  and  boiled,  no  sulphate  of  soda  separates  from  it;  but  as  it  cools, 
light  is  emitted,  aud  anhydrous  crystals  are  produced,  having  the  form  of 
sulphate  of  potash,  and  containing  from  1|  to  2  atoms  of  sulphate  of 
potash  with  1  atom  of  sulphate  of  soda.  Sometimes  a  salt  rich  in  soi 
is  formed  under  the  same  circumstances;  in  that  case,  no  emission  of  ligl 
is  observed. 


Also 


I 


I 


by  melting  together  enlphate  of  potash  and  common  sal' 
a  mass  is  obtained,  which,  from  a  hot  sulution,  deposits  the  same 
crystals  free  from  chlorine,  and  with  emission  of  light.  2  atoms  of  sulphate 
of  soda  and  3  atoms  of  sulphate  of  potash  fuse  with  difficulty  to  a  mass 
■which  becomes  very  much  broken  up  as  it  cools,  and  emits  very  littb 
light  on  crystallizing  from  a  solution  in  hot  water.  (H.  Rose,  Pogg,  51 
452;  vid.  also  I.,  207.) 

When  1  atom  of  teltniate  of  potash  is  melted  with  1  atom  ofmlphate  ^ 
todii,  and  the  mass  dissolved  in  hot  water,  crj'stals  similar  to  those  of 
sulphate  of  potash  are  formed,  with  vivid  emission  of  light,  as  the  liquid 
cools;  they  decrepitate  when  heated,  and  contain  41-38  perccnt.of  potasli, 
9*51  of  soda,  4-84  of  selenic  acid,  and  44*68  of  sulphuric  acid.  (H.  Rose. 
Poffff.  52,  588.)  a 

F.  NrrnATE  or  Soda  and  Potash  ? — A  solution  of  1  part  of  nitntte 
of  potash  and  1  part  of  nitrate  of  soda  in  3  parts  of  boiling  water,  yields 
OS  the  liquid  cools,  long,  silky  needles,  united  together  in  stellated  groups. 
(Loose,  Pharm.  CentralblaU,  1837,  505.) 


OTHER  COMPOUNDS  OF  SODIUM. 


Sodium  and  Sodium. 
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A.  &  B.     The  compounds  obtained  by  fusing  one  atom  of  common 
kit  with  1  atom  of  carbonate,  or  with  1  atom  of  sulphate  of  soda,  ex- 
ibit  properties  similar  to  those  of  the  corresponding  potash-compounds. 
(III.,  71,  B.  &  C.)  (DSbereiner.) 


ol 


C.       CoMPOCND   OP  CnLORIDE  OP  SoDlCM   WITH   loDATE    OP   SoDA. — 

1.  When  iodate  of  soda  is  prepared  from  chloride  of  iodine  and  carbonate 

of  so<Ia  (III.,   107),  the  li<juid,  on  evaporation,  first  deposits  pure  iodate 

f  eoiia ;  afterwards,  at  a  higher  temperature  and  greater  degree  of  con- 

ntration,  t)io  iodate  of  soda  crystallizes   out  combined  with  common 

Jt. — 2.  When  a  tolerably  large  quantity  of  solution  of  caustic  soda   is 

addetl  to  an  aqueous  solution  of  iodate  of  soda,  and  cLloriuo  gas  passed 

'ir'>iij;h   the  liquid  till  no  more  diperiodate  of  soda  falls  down,  chloride 

if  sodium  crystallizes  from  the  decanted  liquid,  first  combined  with  iodate 

soda,  then  by  itself,  and  afterwards  mixed  with  chlorate  of  soda. 

Transparent  four-sided  prisms,  permanent  in  the  air,  often  having  a. 

.bular  form   in  consequence  of  the  greater  sire  of  the  two  lateral  faces. 

The  crystals  when  heated  become  opaque,  lose  their  water,  and  fuse  to 

m  dear  liquid,  which  evolves  nothing  but  oxygen  gas,  and,  after  exposure 

to  a   very  powerful  heat,   leaves  a  mixture  of  chloride   and  iodide  of 

•odium.     In  cold  water — which  withdraws  the  common  salt — the  crystals 

V9  converted  into  an  opaque  mass  of  needles  united  in  tufts,  and  consisting 

lof  iodiite  of  soda  with  2  atoms  of  water.  (Rammelsberg,  Poffff,  44,  548.) 


CrystcUiied. 
»N«a   117-2     ....     27?5 

N»o, io»«. _ 1972   ....   •le-es 

12HO   108-0     ....     25-57 


Rimmelsberg. 
2715 
4*-50 
2505 


2Naa  ■¥  NiO,IO>  -I-  12Aq 422-4 


100-00 


99-70 


Other  Compounds  op  Sodium. 


With  many  of  the  meUals — namely,  with  arsenic,  antimony,  telloriam, 
bitmutb,  line,  tin,  lead,  copper  and  mercury. 
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Cbaptea  in. 

LITHIUM, 


Arfredaon.     S<Aw.  22,  93;  also,  Ann.  Chim.  Phyt.  10,  82;  further,  Seha} 

34,  214, 
Vauquclin.    Ann.  Chim.  Phj/t.  7,  284;  also  Schu.  21,  397. 
C.  G.  Gmelin.     Gill.  62,  399;  64,  371,  and  ScAte.  30,  173. 
Kralovanszky.     Schte.  :>i,  230  and  346. 
R.  Hermann.     Poffff.  15,  480. 


History.  The  oxide  of  Lithium  was  disooverod  in  1817,  by  Arfrcd- 
8on,  in  tlio  laboratory  of  Berzelius. 

Soureet.  As  oxide,  in  the  inorganic  kingdom  only  (benco  its  name); 
principally  in  petalite  (5  per  cent.),  lithiaspodiimene  (8  per  cent.),  nm- 
Idygonite  (11  per  cent.),  tripliylino  (3 '4  per  cent.),  lepidulite  (3'6  per 
cout.),  lithia  mica,  apyrite  and  the  tournialino  of  Uton.  Also  in 
very  smnlj  quantity  in  the  mineral  waters  of  Karlsbad,  Franzb.id,  and 
Marienbad  (Berielius,  Schw.  44,  127;  Pogg.  4,  248);  in  tlio  water 
Pyrmont  (Brandos,  Schw.  45,  369);  in  the  mineral  water  of  Hofgeism; 
(Wnrzor,  Schw.  46,  121);  in  the  salt  spring  of  Kissingen  (Fucbs  fc  Fi 
kentscher,  J.  pr.  Chem.  5,  321);  in  the  goitre-water  of  Hail  in  Austri 
(Hotger,  Zeituchr.  Phyt.  Math.  9,  75);  in  the  mineral  waters  of  Mbnchs- 
ofeii  (Buchner.  liepert.  23,  221);  of  Biliu  (Rouss);  of  Klau^cn  in 
Steiorniark  (Holgor);  of  Hohenstein  (Rcichol);  of  Kreuznach  (Lowig) 
of  Lavey  near  Box  (Baup);  and  of  Slintsch  in  Hungary  (Wagner). 

According  to  Brandes  (Scher.  Aitn.  8,  120)  a  white  combustible  metal' 
is  obtained  from  lilliia,  when  placed  in  the  circuit  of  a  voltaic  battery.— 
Kralovan.szky  was  unable  to  reduce  the  metal  from  the  oxide  by  means  of 
iron,  charcoal,  or  potAssiuni, 

Atomic  weight  of  Lithium  (H  =  1)  =  6*4264  (Berzelias,  Pogg,  \7, 
379);  =  6084.  (R.Hermaun,  Pogg.  15,480.) 


ind 

:ri^H 

in 


Compounds  of  Lithium. 

Lithium  and  Oxygen. 

A.    Lithia.     LO. 

Oxide  of  Lithium.     Not  yet  known  in  the  free  state. 

Cdculation,  sccording  to  Berzelius. 

L 6-4      44-44 

O    8-0     55-56 


LO   14-4     100-00 

LO  =  80-33  +  100  =   180,33.     Berxcliut.) 


LITHIA. 
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(hmbinatio^M.—<i.  With  water,    a.  Hydrate  op  Lithia. 

Preparation. — 1 .  Petaliie  in  powder  is  heated  to  redness  witl)  4  parts 
of  carbonate  (or  nitrate)  of  baryta;  the  mass  is  then  dissolred  in  dilute 
hydrochloric  acid;  evaporateil  t«  dryness;  again  treated  with  water  acidu- 
lated with  hydrochloric  acid;  the  liqnid  separated  from  the  silica  by  fil- 
tration; the  baryta  precipitated  by  excess  of  sulphurio  acid,  and  the  alu- 
mina by  carbonate  of  ammonia.  The  solution  is  then  evaporated  to  dry- 
ness, and  the  ammonia  expelled  by  ignition;  whereupon,  sulphate  of  lithia 
remains,  together  with  a  small  quantity  of  sulphate  of  lime  (and  man- 
ganese). The  residue  is  dissolved  in  water,  and  the  sulphurio  acid 
precipitated  by  means  of  acetate  of  baryta  (if  manganese  be  present,  it 
must  be  first  separated  with  sulphide  of  ammouium  ami  tlio  solution  eva- 
porated to  dryness,  exposed  to  a  red  heat,  and  then  ro-dissolved  in  water). 
The  liquid  separated  from  the  precijiit-ite  and  containing  the  acetates  of 
lithia,  baryta,  and  lime,  is  evaporated;  the  residue  heuled  to  redness;  and 
the  ignited  mass  powdered,  and  exhausted  with  boiling  water  as  long  as 
any  alkaline  matter  is  dissolred  out.  The  eolntion  of  carbonate  of  lithia 
thus  obtained  is  evaporated  (to  a  small  bulk,  whereupon  the  carbonate  of 
lithia  separates,  leaving  in  the  liquid  any  carbonate  of  potash  or  soda  that 
may  be  present);  the  residue  boiled  with  water  and  excess  of  hydrate  of 
lime  for  several  hours,  and  stirred;  after  which  it  is  filtered,  evaporated, 
and  fused  in  a  silver  crucible.  (Arfvedson.)  [The additions  put  between 
brackets  are  made  by  C.  G.  Qmelia,] 

2.  To  save  baryta,  the  elutriated  powder  of  Spodumene  or  Petalite 
is  intimately  mixed  with  twice  its  weight  of  quick-lime;  the  mixture 
strongly  ignit*d  for  o  considerable  time  in  a  Hessian  crucible;  the  pro- 
duct dissolved  in  hydrochlorio  acid;  the  solution  mixed  with  sul- 
phuric acid,  evaporated  to  dryness,  and  the  excess  of  sulphuric  acid 
expelled  by  exposure  to  a  strong  heat;  and  the  dry  residue  powdered, 
exhausted  with  water,  and  strained  through  liucn,  on  whicli  most  of  the 
gypeum  is  retained:  this  must  bo  repeatedly  washed  and  pressed. 
Alumina  is  precipitated  from  the  filtered  iiiiuid  by  carbonate  of  ammonia, 
or  by  digestion  with  carbonate  of  lime.  The  lime  is  afterwards  removed 
from  the  filtrate  cither  by  throwing  it  down  with  oxalate  of  ammonia, 
filtering,  evapornting,  and  heating  to  redness,  after  which  sulphate  of  lithia 
is  left  behind  (Berzclius,  Lekrbuch);  or  bycvajiorating  the  filtrate  to  dry- 
ness; exposing  the  residue  to  a  red  heat;  then  exhausting  with  water,  which 
leaves  the  greater  part  of  the  gypsum  behind;  precipitating  with  acetate 
of  baryta;  filtering,  evaporating,  and  heating  to  redness;  and  lastly 
boiling  the  powdered  mass  with  water,  which  di.ssolves  the  carbonate  of 
lilbia,  and  leaves  behind  the  carbonates  of  baryta,   lime,  and  magnesia 

sent  in  the  lime  used).  The  water  takes  up  a  email  quantity  of  the 
bonate  of  magnesia;  but  by  saturating  with  sulphuric  acid  and  orys- 
talliring,  pure  sulphate  of  lithia  is  obtained,  and  this  can  be  converted 
into  pure  lithia  as  in  No.  9  (Arfvedson).  Borthier(^Hn.  C'him.  Phi/s.  59, 
189)  mixes  in  a  charcoal  cmciblo  one  part  of  spodumene  with  I'O!)  parts 
of  carbonate  of  lime,  and  subjects  the  niixtnro  to  an  intense  heat  till  it 
fiues  to  a  glass;  and  after  reducing  it  to  powder,  exhausts  it  with  sulphu- 
ric acid:  this  process  yields  0-192  part*  of  sulphate  of  lithia. 

3.  An  intimate  mixture  of  one  part  of  spodumene  and  2  parts  of 
litharge  is  reduced  to  perfect  fusion  at  a  strong  red  heat;  then  poured 
ont;  and  the  glass  finely  powdered,  and  dissolved  in  weak  nitric  acid, 
which  separates  the  silica.  The  oxide  of  lead  is  then  precipitat  '  by 
sulphuric  acid ;  the  filtrate  evaporated  to  dryness;  the  residue  d-      Ived 
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in  water;  lime  and  magnesia  separated  by  means  of  carbonate  of  am- 
monia; the  liquid  filtered  and  evaporated;  and  the  dry  mass  heated  in  a 
porcelain  crucible.  The  residue  is  sulphate  of  lithia.  (Quesneville, 
Pluirm.  16,  164  ;  also  N.  Tr.  22,  1,  257.) 

4.  A  mixture  of  finely  powdered  tpodumtne  and  charcoal  ia  heated 
redness  in  a  porcelain  tube,  with  a  enrrenl  of  chlorine  gaa  pu&sing  over 
Decomposition  ensues  readily;  and  from  the  residue,  when  cold,  wal 
dissolves  out  chloride  of  lithium.  {Selterbery,  38,  480.) 

5.  A  mixture  of  1  part  of  LrpiJolUt  and  2  piirts  of  lime  is  heated 
two  boars  at  a  strong  red  heat;  the  greyish  white  mass  broken  up 
reduced   with   water   to  a   thin    paste;  dilute  sulphuric  acid  added 
small  portions  at  a  time,  till   the  liquid  becomes   slightly  acid;   mi 
water  added ;  and  the  whole  thrown  upon  a  filter  and  washed 
filtrate  thus  freed  from  gypsum  is  then  partly  evaporated,  and  separa 
from  lime,  alumina,  iron,  and  manganese  by  means  of  carbonate  of 
It  is  afterwards  further  evajKiratcd,  and  carbonate  of  lithia  prccipita 
from  the  boiling  concentrated  solution,  by  a  solution  of  curbonate  of  s< 
in  twice  its  weight  of  water  (a  further  quantity  of  lithia  may  be  separal 
from  the  mother-liquor  by  means  of  phosphate  of  soda):  the  prccipita! 
carbonate  of  lithia  dissolved  in  weak  hydrochloric  acid  gives  with 
bonate  of  ammonia,  a  precipitate  of  pure  carbonate  of  lithia.     The  su 
natant  liquid  ^'ields  with  carbonate  of  ammonia,  after  further  evaporatl 
a  small  quantity  more;  and  if  again  evaporated  and  heated  to  low  icdo 
it  yields  impure  chloride  of  lithium,  mixed  with  more  or  less  carbonate 
lithia.  (Werner,  J.  Pr.  Chan.  12,  5.5.) 

6.  One  part  of  hpidolite  in  powder  is  heated  with  2  parts  of  slak 
lime  at  a  moderate  red  heat  for  two  hours;  and  the  powdered  mass,  aft 
being  made  into  a  paste  with  water,  is  left  in  a  warm  place  by  itself 
three  months.     By  this  treatment,  nearly  all  the  lithia  and  polat-h  are 
at  liberty,  and  are  found  partly  dissolvecf  in  the  water,  and  partly  retain 
in  the  hardened  mass.    This  mass  is  boiled  with  water  after  being'reduced  to 
powder;  the  filtrate  saturated  with  carbonic  acid  gas,  and  evajK>rated 
dryness ;  and  the  carbonate  of  potash  dissolved  out  from  the  carbonate 
lithia  by  means  of  water  containing  alcohol.     The  insoluble  matter  oui 
more  heated  with  lime  and  treated  as  above,  sometimes  yields  an  additional 
quantity  of  lithia.  (Fuchs,  J.  pr.  Chem.  5,  320.) 

7.  In  operating  on  the  large  scale,  1  part  of  powdered  lepidolUe 
heated  in  a  reverberatory  furnace  with  2  parts  of  lime,  slaked  and  redu 
to  powder  by  water,  the  heat  being  continued  till  the  whole  cak( 
together.  The  powdered  mass  is  then  mixed  with  half  its  weight  of  limi 
reduced  to  a  paste  with  water;  boiled  for  a  longtime,  the  water  l)eing 
placed  as  it  evaporates;  decanted;  the  residue  again  boiled  with  water 
■^'-jf  part  of  lime;  then  decanted  and  washed.  The  two  liquiils  containi 
lithia  and  potash,  with  a  small  quantity  of  lime,  alumina,  and  heavy  metall 
oxides,  are  mixed,  after  filtration;  then  satunited  with  In'drochloric 
and  evaporated;  the  lime  and  alumina  precipitated  by  carbonate 
ammonia;  potsish  added  to  the  filtrate  as  long  as  it  causes  turbidity;  t 
liquid  filtered;  the  metallic  oxides  thrown  down  by  sulphuretted  liyd 
gen;  the  solution  again  filtered  and  evaporated  to  dryness;  the  residiK 
healed  sufficiently  to  destroy  organic  matter;  then  dissolved  in  wutcr, 
neutralized  with  hydrochloric  acid;  filtered;  evaporated  to  dryness;  and^^ 
the  chloride  of  lithium  dissolved  out  by  absolute  alcohol,  which  leaves  tll^| 
chloride  of  potassium  untouched.  (Miischerlich,  Z-fAr^McA,  2,  85.)  ^B 

8.  A  miituro  of  7  parts  of  powdered  l^idolUe  and  2  parts  of  calcined 
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green  vitriol  is  beated  gently  for  some  time,  so  that  it  may  not  fuse  but 
merely  cake  together;  the  powdered  mass  is  exhausted  vritli  water j  the 
filtrate  freed  from  alumina,  iron,  and  manganese,  by  siilpliidc  of  amnio- 
nium;  the  filtered  liquid  evaporated  to  dryness;  tlie  sulidiate  of  ammonia 
expelled  at  a  moderate  heat ;  the  residue,  consisting  of  the  sulphates  of 
potash  and  litliia,  reduced  to  powder;  and  the  latter  Bait  separated  by 
a  moderate  quantity  of  water  mixed  with  alcohol.  If  this  solution  still 
contains  sulphate  of  potash,  the  sulphate  of  lilhia  must  he  purified  by 
erystallization.  (Fuchg.) 

9.  Powdered  lepidoUu  ia  boiled  for  a  longtime  with  oil  of  vitriol;  the 
mass  exhauFted  with  water,  filtered,  and  evaporated ;  the  earths  precipi- 
tated by  carbonate  of  ammonia;  and  manganese  by  sulphide  of  ammonium, 
the  excess  of  which  is  decomposed  by  boiling.  The  sulphuric  acid  is  then 
precipitated  by  acetate  of  baryta;  the  liquid  filtered  and  evaporated  to 
dryness ;  the  mass  heated  to  redness,  boiled  with  water,  filtered,  and 
i^in  evaporated  todryuess;  the  carbon.tte  of  potash  taken  up  with  a 
imall  quantity  of  cold  water;  and  the  undissolved  carbonate  of  lithia 
treated  as  in  the  liryt  method,  or  else  saturated  with  sul])hiiric  acid  and 
baryLk  water  udiied  to  the  liquid  as  long  as  it  produces  a  precipitjile  of 
sulphate  of  baryta,  excess  of  baryta  beiug  carefully  avoided.  The  filtrate 
i*  then  distilled  in  a  retort  to  separate  the  water,  whereupon  crystals 
kppeor,  which  are  afterward.^  fused.  (C.  G.  Graelin.)  In  applying  this 
uicthod  on  the  largo  scale,  the  lepidolite  is  boiled  with  the  oil  of  vitriol  in 
earthen  pans,  and  stirred  with  earthenware  rods  till  it  is  dry.  The  mass 
is  tlien  boiled  with  water  in  a  clean  copper  vessel;  the  filtrate  evaporated 
to  dryness;  the  residue  dissolved  in  water;  the  earths  precipitated  by 
carbonate  of  ammonia;  the  liquid  evaporated  again  as  before  ;  and  the 
Rulpluite  of  ammonia  driven  off  by  heating  in  glass  vessels.  The  vessels 
are  then  broken;  the  cake  of  salt  dissolved  in  water;  the  sulphuric  acid 
thrown  down  by  acetate  of  lead ;  the  lead  separated  from  the  tillrate  by 
bydrosnlphuric  acid;  the  liquid  again  filtered,  evajiorated  to  drynes-s,  and 
the  residue  dissolved  in  water;  the  rest  of  the  sulphuric  acid  separated  by 
acetate  of  lead,  and  the  lead  precipitated  as  before.  The  solution  is  then 
6llcred  and  evaporated;  the  residue  heated  in  a  copper  crucible;  the  fused 
c»ke  of  carboniitc  of  lithia  and  carbonate  of  ]>otash  dissolved  in  water;  the 
•olution  filtered  from  oxide  of  copper ;  and  the  filtrate  so  far  evaporated 
in  a  co|>per  pan,  that  carbonate  of  lithia  crystallizes  out  on  cooling: 
finally,  the  remaining  motherdiqnor  is  evaporated  to  dryness,  and  the 
carUinste  of  potash  separated  by  cold  water.  (Joss,  J.  Fr.  Clian.,  1, 
138.) 

10.  Very  finely  powdered  petalUt,  apodumenf,  apyrite,  or  UpidolUe, 
is  digested  /or  some  days  with  oil  of  vitriol;  then  evaporated  to  dryness; 
the  remainder  boiled  repeateilly  with  water  and  filtered;  and  the  alumina 
pn-cipitate<l  by  carbonate  of  ammonia.  The  clear  liquid  after  filtration 
i.''  i-vai)oratcd;  and  the  residue  heated  to  reducss,  and  further  proceeded 
viUi,  as  in  the  first  method,  with  acetate  of  baryta,  exposure  to  a  red 
kiati  &c.  (Berzelius.) 

1 1 .  J'rii'ki/Une  is  dissolved  in  hydrochloric  acid ;  the  protoxide  of  iron 
converted  into  sesquioxidu  by  boiling  with  a  little  nitric  acid;  the  phos- 
phate of  iron  precipitated  by  ammonia;  the  protoxide  of  manganese  by 
inlphidc  of  ammonium;  the  filtered  liquid  evaporated  to  dryness;  and  the 
a  il  salts  expelled  by  heat.  The  residue  consists  of  soluble  ehlo- 
ri!  :  ;mim.  (Fuchs. ./.  pr.  C/nmi.  H,  310.)  The  chloride  may  be  con- 
verted into  sulpluite  of  lithia  by  heating  it  with  sulphuric  acid;  and  from 
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tbe  ralphatc,  canstio  lithia  is  obtained  by  treating  it  with  baryta, 
prepnred  by  this  metbod  often  retains  magnesia. 

I'roperliiii.     White,   transparent;  fuses  at  a  temperature  below  red- 
ness, and  does  not  appear  to  volatilize  at  a  white  heat.  (C.  Gnieliiu[' 
Has  a  crystalline  fractnre;  and  the  same  ta«lc,  ciiusticity,   and  alkali; 
effect  on  vegetable  colours,  as  potash  and  soda.  (Arfrcdsou.) 

p.  Crystallized  Litqia. — Separates  in  small  grains  from  an  aqtiooi 
solntion  daring  evaporation.  (C.  Gmelin.) 

y.  SoLnrioN  OF  Lithia. — Hydrate  of  lithia  does  not  deliquesoe  in  the 
air  (Arfvedson);  it  dissolves  in  water  with  elevation  of  tem})erature. 
Lithia  is  much  less  soluble  in  water  than  potash  or  soda,  and  apparentlvL 
not  more  soluble  in  hot  than  in  cold  water.  (C.  Gmelin.) 
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h.  With  acids  lithia  forms  the  Lithia-salts.    These  are  white  when  the 
acid  itself  is  colourless;  they  arc  more  readily  fusible  than  the  correspond' 
ing  sails  of  potash  and  soda;  and  are  permanent  in  the  fire,  if  the  acid  " 
not  too  volatile  or  easily  decompoBod.     Fused  with  carbonate  of  soda 
platinum  foil,  they  produce  a  dark  yellow  stain  round  the  circumferen< 
whereas  carbonate  of  soda  by  itself  produces  this  effect  in  a  much  smallof' 
degree  only.  (Berzelius.)     Fused  on  platinum  wire,  they  iiupiirt  a  cannine 
colour  to    the  blowpii>e  flame.      An  excess   of  potash-salt  does  not  i: 
tcrfcrc  with  the  production  of  this  colour,   but  tlie  presence  of  a 
quantity  of  soda  gives  rise  to  the  yellow  flame.  (H.  Rose.)     %  Stein  (. 
fiir  pra'kt.  Chtm.  31,  361;  Ann.  Pharm.   52,  243,  1844)  has  obaervi 
tliat  this  latter  effect  is  produced  when  too  strong  a  heat  is  applied;  au( 
that  if  tho  lithia  salt  is  barely  fused  on  a  platinum  wire,  saturated  wi' ' 
talc,  and  thcu  heated  in  the  flame  of  a  candle,  tho  red  colour  is  di 
ceruiblo  with  ono  part  of  lithia  to  2580  parta  of  soda.  ^ 

Alcohol,  in  which  a  sjilt  of  lithia  is  dissolved  or  diffused  in  the  state  ol 
fine  powder,  also  burns  with  a  carmine-coloured  flame.  (C.  Gmelin.)  Tba 
same  occurs  also  with  paper  saturated  with  a  solution  of  a  salt  of  lithia,  a^| 
the  wick  of  a  taper  saturated  with  moistened  phosphate  or  acetate  of  lithia^H 
(Turner,  Ed.  rhil.  J.  o/Sc.  2,  2C7  ;  4,  113;  olso  ScJtw.  47,  41.)  All  the 
lithia  salts  are  soluble  in  water;  but  the  cnrbouat«  phosphate,  and  tho 
phosphate  of  lithia  and  soda  difiicultly  so.  Hence  the  other  salts  of  lithia, 
when  not  dissolved  in  too  much  water,  yield  difiicultly  soluble  precipitates 
with  carbonate  of  ammonia,  potash,  or  soda,  and  with  phosphate  uf  soda. 
Carbonate  of  soda  precipitates  the  salts  of  lithia  after  some  time  only. 
Common  diphosphate  of  soda  does  not  precipitate  them  in  the  cold,  even 
after  a  long  time,  except  on  the  addition  of  ammuuia,  which  gradually 
gives  rise  to  an  abundant  precipitate.  But  a  mixture  of  a  salt  of  lithia 
with  phosphate  of  soda,  becomes  turbid  by  boiling  or  evaporation, — .ind 
the  dry  residue,  on  being  treated  with  water,  leaves  tho  dilKcullly  solublo 
phosphate  of  lithia  and  soda. 

A  solution  of  a  salt,  which  is  not  clouded  by  caustic  soda  in  the  cold, 
or  by  carbonate  of  soda  at  a  boiling  beat,  but  yields  with  jdiosphatc  of 
soda  on  eva])oration,  an  almost  insoluble  white  powder,  contains  lithia, 
Tho  detection  and  separation  of  lithia  are  founded  on  this  property, 
(Berzelius.) 

Phosphate  of  potash  gives  no  precipitate,  even  on  boiling  or  evapo: 
ration;  but  on  the  addition  of  ammonia,  un  abundant  precipitate  af I 
some  time.  (H.  Rose.)     Hydrofluusilicic  acid  throws  down  from  salts 
lithia  the  almost  insoluble  fluoride  of  silicium  and  lithium  (Berzelins] 
and  carbazotio  acid,  throws  down  corbazotate  of  lithia.  (H.  Rose,  Analjft, 
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B.    Pehoxidb  op  Lithich. 


CM*m.) — The  concentrated  solntion  of  a  salt  of  lithia  is  not  precipitated 
■nnerchlorio  acid  (Serallas),  eulphato  of  alumina  (C.  Omelin),  bichloride 
^Btatinum,  oxalic  acid^  or  tartaric  acid.  (Arfvedson,  C.  Gmeliu.) 

HVe.  With  earths,  in  the  above  named  raiaerals,  excepting  triphyliue. 
Til  minerals  containing  lithia  impart  a  purple  colour  to  the  blow-pipe 
Aune,  provided  they  are  fusible.     This  colour  is  rendered  much  more  dis- 

Iwhen  the  mineral  is  mixed  with  one  part  of  double  fluoride  of  potas- 
and  hydrogen  an<l  4^  parts  of  bisulphate  of  potash,  and  exposed  to 
blowpipe  flame  on  platinum  wire.  (Turner.)  The  same  minerals, 
)  mixed  with  a  small  quantity  of  a  mixture  of  one  part  of  fluorspar 
iod  one  part  of  sal-ammoniac,  impart  a  greenish  tint  at  first,  and  after- 
wards a  red  colour  to  the  flame.  (Berzelius.) — d.  Lithia  is  but  sparingly 
soluble  in  alcohol,  which  partly  precipitates  it  from  an  aqueous  solution. 

IGmolin.) 
The  hydrate  and  the  carbonate  of  lithia  when  heated  in  the  air,  appear 
«  partly  converted  into  peroxide,  which  has  not  yet  been  prepared 
he  pure  state,  but  has  a  great  ])roneness  to  induce  oxidation  in  plati- 
I,  probably  producing  a  compound  of  lithia  with  oxide  of  platinum. 
1^0  alkali  attacks  a  platinum  crucible   in  which   it  is  ignited,  so  severely 

iithia  and  its  carbonate,  which  cover  the  surface  of  the  platinum  with 
lark-yellow   or   oUve-green  colour.  (Berzelius.)     Silver   is   also   cor- 
td    and    dissolved    by    carbonate    of    lithia    in    a   state   of   fusion. 
Lithium  and  Carbon. 

I  Cakdon  ATE  OF  Lithia. — a.  MonoearbonaU , — The  transparent  hydrate 
itbia  becomes  opaque  in  the  air  from  absorption  of  carbonic  acid.  (C. 
|elin.) — 1.  Sulphate  of  lithia  is  precipitated  by  acetate  of  baryta,  the 
lid  filtered  anil  evaporated,  and  the  acetate  of  lithia  decomposed  by 
euro  to  heat. — 2.  An  excess  of  carbonate  of  ammonia  is  dis- 
pell iu  a  concentrated  solution  of  chloride  of  lithium,  and  the  carbonate 
jilhia,  which  is  almost  entirely  precipitated,  is  washed  on  a  filter  with 
Bhol.  (Berzelius.) — The  salt  is  white,  fuses  at  a  low  red  heat  (Arfved- 
b)  to  a  clear  liquid  (Hermann),  and  solidifies  on  cooling  to  a  vitreous 
I  ^Arfvedson)  ;  this  maas  is  crystalline  (Turner),  transparent,  and  sepa- 
XktM  into  pieces  which  have  a  pearly  lustre.  (Hermann,  Po'jy.  15,  480.) 
It  has  a  slight  but  distinctly  alkaline  ta£te,  and  turns  reddened  litmus 
paper  blue.  (Arfvedson.)  A  solution  of  one  part  of  carbonate  of  lithia 
Mi  liUjQ  \taxU  of  water  still  exhibits  an  alkaline  reaction.  (C.  Omelin.) 

CalcoUtion.  Uermann.     ScbaflVoUcb.      C.  Gmeliu.  KrtloTuiakj. 
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,  Ctyatallizes  by  slow  evaporation    in  small  prisms,   which  efflorcsoe 

"ally  in  the  air  (Arfvedson)  iu   pearly  cubes.  (Kralovanszky.) — Tho 

laalt  isdk«oIvcd  with  great  difficulty  by  water,  but  more  easily  wbou 
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powdered,  especially  if  the  water  is  hot.  One  part  of  carbonate  of  lithia 
requires  100  parts  of  cold  water  for  solution.  Carbonate  of  lilhia  gives  up 
its  acid  to  baryta  and  lime;  it  decomposes  the  salts  of  ammonia,  lime, 
magnesia,  alumina,  iron,  copper,  and  silver.  (Vauquelin.)  It  ia  insoluble 
in  alcohol.  (C.  Gmelin.) 

6.  Acid-salt, — Water  saturated  with  carbonate  of  lithia  dissolves  au 
additional  portion  when  carbonic  acid  is  passed  throngh  it.  The  solution 
yields,  on  evaporation,  a  crystalline  crust  of  salt  which  decrepitates  strongly 
in  the  fire.  (Arfvedson.)  According  to  C.  Qnielin,  the  excess  of  carbon  " 
acid  escapes  on  evaporation,  and  the  simple  salt  is  thrown  down. 


LixnitJM  AND  Boron. 

Borate  op  Litiiia.— a.  BiboraU. — According  to  Arfvedson,  this  i 
forms  crystals  which  have  an  alkaline  taste  and  reaction;  swell  up  &nd 
lose  their  water  of  crystallization  when  heated;  and  fuse  to  a  transparent 
glass :  they  arc  easily  soluble  in  water.  According  to  C.  Gmcliu,  it  forms 
a  transparent  gummy  mass. 

b.  Acid-Salt. — Indistinctly  crystalline,  and  less  easily  soluble  in  wa( 
than  «.  (C.  Omelin.) 

LlTHniM  AND  PaospnoRUS. 


Phosphatk  of  LiTBtA.  —  a,  DiphotphaU.  —  Precipitated  from 
aqueous  solution  of  carbonate  of  lithia  on  the  addition  of  phosphoric  acid 
and  application  of  heat,  the  carbonic  acid  escaping;  precipitated  from 
sulphate  of  lithia  by  phosphate  of  ammonia,  but  not  by  phosphoric  acid 


precipitated  by   phosphoric  acid.    (Rerzclius.)      White,  bulky   powda 


(C.  Gmelin):  from   the  acetate,  on  the  contrary,  it  is  almost  completelj 
^     eipitated   by    phosphoric  acid.    (Rer 
nearly  insoluble  in  water.  (C.  Gmelin.) 

b.  Monoplioiphaie. — Crystallizes  in   transparent  grains  on  the  slow 
evaporation     of    the     aqueous     solution;    readily    soluble    in     wa 
(C.  Gmelin.) 

LlTHtr.>{  AND  SuLPStm. 

A.  MoNosuLPHiDE  OP   LtxniuM. — Formed  by   heating  sulphate 
lithia  to  redness  in  a  retort  with  charcoal.    The  charcoal  must  not  predomi" 
natc,  otherwise  a  pyrophoric  mass  will  be  formed.     The  sulphide  dissolves 
in  water  and  alcohol  more  readily  than  the  hydrate  of  lithia.  (Berzelius 

B.  Sulphide  of  LirnirM  and  Hydrogen. — Formed  when  sulphure 
ted  hydrogen  gas  is  passed  over  ignited  carbonate  of  lithia.    The  rcsultin 
mass  is  pale-yellow  in  the  cold,  becomes  dark-brown  when  heated,  aafl 
fuses  at  a  higher  temperature.  (Berzelins.) 

HydraUd  Sulphide  of  Lithium  and  Hydrogen,  or  JJi-hydrosulp/iale  (^ 
Lithia. — A  solution  of  A  is  saturated  with  sulphurctfcd   hydrogen  gaa.1 
The  colourless  liquid  evaporated  in  a  retort  to  the  consistence  of  syrup, 
deposits  crystals  of  carbonate  of  lithia,  accidentally  formed ;  and  if  after- 
Wards  left  to  evaporate  in  vacuo,  over  fused  potash,  it  yields  a  confus 
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of  salt,  -whicL  becomes  moist  in  tbe  air,  and  is  readily  dissolved  by 
klcohol.  Tbc  a<|ueou8  solution  evaporated  in  the  air  yiul<la  lonr;  prisms, 
which  correspond  to  the  hydrated  bisulphide  of  lithium.  (Berzelius, 
Poffff.  6,  439.) 

C.  PeuarLpniDE  op  Lithium. — When  hydrate  of  lithia  is  fused  with 
inlpbnr,  a  yellow  mass  is  obtained,  which  is  soluble  in  water  and  behaves 
with  acids  like  other  livers  of  sulphur.  (Vauquelin.) 

^  D.  Sulphite  op  Lithia. — LO,  SO'  +  6Aq. — Obtained  by  passing  | 
fulphurcoug  acid  gas  through  water  in  which  carbonate  of  litbia  is  sus- 
pended.   White,  feathery  crystals.  (Dansou,  Qu.  J.  of  Clum,.  Hoc.  2,  207.) 

E.  HrpoBULPnATB  op  Lithia. — LO,  S'O'  +  2Aq.     Forms  indistinct 
'  tls,  deliquesces  in  the  air,  and  is  partially  soluble  in  alcohol.  (Ram- 
erg,  I'offi/.  66,  79.)  IT 

F.  SripRATE  OP  Litbia. — a.  Simple  tall. — Preparation.  Already 
given  with  that  of  the  hydrate  of  litbia.  The  excess  of  sulphuric  acid 
possibly  occurring  in  any  of  the  methods,  may  be  removed  by  neutralizing 
with  ammonia  and  ic^iting.  White  moss;  fuses  with  difficulty,  unless 
gypsum  is  present;  but  then,  even  if  the  quantity  of  gypsum  bo  small, 
it  melts  Ik-Iow  a  red  heat.  Has  a  pure  saline  taste  without  bittomessi  i 
(Arfvedson.) 

Her-                         C.  Vauque-    Kralo-  Arfred- 

Aahydroiu.         mann.  Pleischl.  Gmelin,  lin.       vonszkjr.      aon. 

LO  14-4       2fi-47         260  26-6         27-94  30-8         311  31-59 

SO* 40-0       73-53         74-0  7.34         7206  69-2        68-9  Cti  41 

LO.SO"....     54-4     100-00       100-0       1000       10000       100-0       1000       100-00 

Crystallizes  in  combination  with  water,  in  shining  rhombic  prisma 
with  dihedral  summits  {I''iff.  93)  (Hermann),  and  in  long  tables  which 
effloresce  very  sliglitly  in  the  air  (C.  Gmelin)  :  the  crystals  decrepitate 
wben  heated,  and  give  ofl"  their  water  of  crystallization  without  first  dis- 
•olving  in  it.  They  are  very  soluble  in  water  (Arfvedson),  but  not  per- 
cwplibly  more  so  in  hot  water  than  in  cold  (Hermann) ;  they  are  also 
CMily  dissolved  by  alcohoL  (Kosinor,  Kastn.  Arcli.  16,  322.) 

Arfved-  Her-  Vniique- 

Crystallized.       Hagen.         son.  C.GmcUn.  mann.        lio. 

LO 14-4     22-71         22-01         26-87  27-251  „,.,         „.. 

80»    40-0     63-09        62-42        58-86  5834 f  "•"         "" 

HO    90     14-20         14-97         14-27  14-41  14  3          125 

LO.  Sl>>  +  Aq.     63-4  10000       10000       10000       10000      1000        100  0 

6.  Acid  tall. — By  evaporating  a  with  sulphuric  acid  and  heating  to 

Tfinvs,  a  more  fusible  salt   is  obtained  (Arfvedson),  from  which,  when 

.Tiited,  the  excess  of  a<;id  is  expelled  in  the  form  of  sulphureous 

•lygen  gas.  (C.  Gmelin.)    From  its  solution  in  water,  however, 

I    .       Ill   .;  sojianvtca   in    remarkably  lino   crystals,  which   have   an   acid 

J.  j(  ii'.ij  procoediug  only  from  the  adhcriug  mother-liquor.  (Arfvedson.) 

O.  ScLTBiDE  OF  Carbon  AND  LiTHiuM,  and  HvDnosuLrno-CARiio- 
fTATi!  OP  LiTiiiA. — The  orange-yellow  solution,  when  dried,  yields  a  salino 
ta*m,  wlucb  becomes  moist  in  the  air,  even  more  readily  than  the  potuiih 
or  Mda  tali,  und  dissolves  easily  both  in  water  and  iu  aVco\io\.  ^«ti«\v«A>( 

ki. 


ISO  LITHIUM. 


LrrniTTM  asd  Selbmiuii 

Selenite  of  LiTDiA. — Fuscs  below  rclnces,  forming  a  yellow  Ijqt 
which  solidifies  on  cooling  to  a  clear  pearly  mass,  having  a  broadly  foliated 
cryetalliue  texture  j  becomes  moLst  in  the  air.  (Berzelius,  Ldiri.  i,  194.) 


LiTHnrM   AND    loDINB. 


IT  A.  Iodide  of  Letbium. — Lil  +  6H0. — Forms  acicular  cryst 
onerally  of  a  yellow  colour,  arising  from  the  presence  of  free  iodin 
"'quescent;  containing  28"30  per  cent  of  water.  (RammoLiborg,  Fog 
C6,  70.)  H 


goni 
deli 


B.  loDATE  OP  LiTBiA. — The  aqucous  solution  when  evaporated  yie 
on  anhydrous  crust,  soluble  in  2  jmrts  of  cold,  and  not  much  less  of  ' 
water.  (Rammelaborg,  Pogg.  44,  555.) 

H  C.  Periodate  of  Litiiia. — Dissolves  with   tolerable  facility  in 
water,  and  is  decomposed  by  alcohol.  (Ranimelsberg.)  y 

Lithium  aio)  Bromine. 

Bromate  op  LiTniA. — The  aqueous  solution,  evaporated  in  the  ' 
way  over  oil  of  vitriol  to  a  syrupy  consistence,  yields  nee<lles,  whi 
effloresce  if  kept  long  in  the  apparatus,  but  deliquesce  rapidly  in  the  op 
air.  (Rammelsberg,  Fogg.  55,  63.) 


LirnnTK  and  Chlorine. 

A.  CoLOHiDE  OP  LiTBiCM. — Crystallizes,  on  evaporating  the  aqueooa 
solution  in  the  sun,  or  an  alcoholic  solution  over  oil  of  vitriol  (Rammels- 
berg), in  cubes  having  the  taste  of  common  salt.  (C.  Omelin.)  When 
rapidly  evaporated,  it  forms  a  crust.  (Arf%'edson.)  Melts  at  a  dull  red 
heat,  and  volatilizes  at  a  white  heat.  (0.  Gmelin.)  More  volatile 
than  chloride  of  potassium,  but  less  volatile  tluin  chloride  of  sodium. 
(H.  Rose.)  In  open  vessels  it  volatilizes  even  at  a  low  red  heat,  losing  a 
portion  of  its  chlorine  and  being  partly  converted  into  carbonate  of 
lithia.  (Hermann,  H.  Rose.) 

Telra-hydraUd  Moride  of  lithium,  or  ter-hydrated  hydrochloraU  of 
lithia. — Chloride  of  lithium,  when  it  deliquesces  in  the  air,  gra<luaUy 
forms  large  rectangular  prisms  with  four-sido<l  summits  placed  ujwn  the 
lateral  edges  (probably  isomorphous  with  hydrated  chloride  of  sodium 
&c.).     When  crystallized  raj>idly,  it  forms  needles  united   together  i^^ 
iieothery  tufts,  just  like  those  of  sal-ammoniac.     When  heate<l,  the  cry^| 
tals  undergo  the  aifueous  fusion  and  afterwards  dry  up.     Thrown  o3V 
paper  or  moved  with  the  fingers,  they  instantly  become   opaque,    the 
opacity  commencing  at  the  point  of  contact  and  extending  through  the 
wholo  mass;  in  this  state  they  fall  to  pieces  on  the  slightest  blow,  and 
form  a  crystalline  powder.  (Hermann.) 


NITIUTE  OF  LITHIA. 
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Both  tbo  anhydrons  and  the  hydrntcd  chloride  of  lithiam  deliqneaoal 
tery  rapidly  in  the  air,  and  are  very  soluble  in  water  and  in  alcohol, 
(eren  absolotc):  the  alcohol  then  burns  with  a  red  flame.  (C.  Gmelin.) 

Anhydrous.  A(fvi>dson.  Hydrated.  Hermann. 

1. 6-4         15-31     ....     22-39        LCI 41-8         53-73     .  .     53-64 

a 35-4        84-69     ....     77-01         4HO  36-0        46-27     ....     46-30 


ua 


41-8       10000     ....  100  00         LCl,4Aq.       77-8       lOOOO 


10000 


%  According  to  Rammelsberg  {Pogg.  66,  79),  the  crystals  contain 
only  2  atoms  of  water. 

B.  CmxiRATE  OP  Li-rni.v. — LiO,  CIO'  +  HO. — Forms  a  radiated 
naas,  very  deliquescent,  fusing  at  50^,  and  evolving  water  at  1 40', 
together  with  oxygen  and  email  quantities  of  chlorine.  After  decompo- 
litiuD,  chloride  of  lithium  remains,  having  an  alkaline  reaction,  The 
•tit  is  very  soluble  in  alcohol.  (Wiichter,  J.  fur  pract.  Chan.  3,  321 ; 
Ann.  Pliarm.  52,  231.)  IT 

C.  PratenLORATE  op  Lithia. — Carbonate  of  lithia  is  dissolved  in  the 

3 peons  acid;  the  liquid  evaporated  to  dryness;  the  residue  <lissolved  in 
cohol,  which  leaves  behind  any  potash-salt  that  may  be  present;  and 
the  filtrate  left  to  cvnporate  in  a  hot  air  chamber.  Long,  transparent, 
deliquescent  needles  (ScruUas.) 


LiTniTM  AND  Fluorine. 

A.  Fluoride  of  Lithium. — Crystallizes  on  evaporating  the  aqueous 
itolution  in  very  small  opaque  crystalline  grains,  which,  at  the  temperature 
of  c<.immoncing  redness,  fuse  to  a  clear  mass,  which  again  becomes  cloudy 
M  it  8olidiile«.     Scarcely  soluble  in  water.  (Berzclius,  I'ogg.  1,  17.) 

B.  Flooribe  op  Lithium  and  Hydbooen. — Small  crystals,  having 
s  Trrv  acid  taste.  Leaves  fluoride  of  lithium  when  ignited.  Dillicullly 
K)liib1e  in  water,  but  more  soluble  than  the  fluoride  of  lithium.  (Berzclius.) 

C.  FuCORlDP.  OP  LlTHlu.M  and  Boron. — Prepared  by  precipitating 
Um  eomponnd  of  hydrofluoric  acid  with  borate  of  baryta  by  sulphate  of 
lithia.  Crystallizes,  when  slowly  evaporated  at  a  temperature  of  40'',  in 
Inr,-..  i.rl-niB.     Tastes  like  the  soda-salt.     In  the  air  it  uecomos  moist  and 

i  lud  the  liquid  yields  small,  rbombohedral,  very  soluble  crystals, 

rt,..,.   i.uve  not  been  further  examined.     Easily  soluble  in  water.  (Ber- 
zrlins.) 

LiTniDM  AND  Nitrogen. 

A.  NmiATE  op  Lithia. — Anhydrous  rhombic  prisms  (C.  Gmelin), 

'   fuje  to  a  clear  liquid  when  gently  healed.     The  salt  tastes  like 

r.Vrfvedson);  has   a   very   acrid  taste.    (Vauquelin,   C.    Guiolin.) 

»  with  great  rapidity  in  the  jur;  very  soluble  in  strong  alcohol. 

.....a.) 
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LITHIUM. 


B.  Phosphate  op  Litiua  and  Ammonia. — Falla  down  in  transp*- 
rent  crystalline  grains  durin;;  tbe  slow  evaporation  of  an  aqueous  solu- 
tidU  of  a  «alt  of  litliia  mixed  with  phosphate  of  nniraonia.  It  is  not 
formed,  if  exccsa  of  phosphoric  acid  is  present,  or  if  the  solution  is 
very  dilute;  for  then  the  ammonia  escapes  during  the  evaporation.  It 
resembles  in  appearance  tbe  phosphate  of  magnesia  and  ammonia,  and 
readily  fuses  in  tbe  blowpipe  ilamc,  with  loss  of  ammonia  ;  it  the 
gives  a  blue  colour  with  nitrate  of  cobalt.  (Berzelius,  Lehrb.  4,  213.) 


C.  Sulphate  op  Lithia  and  A.mmonia. — This  salt  crystallizes  in 
a  table  form,  dissolves  easily  in  water,  and  when  heated   to  redne 
leaves  simple  sulphate  of  lithia.  (Arfvedson.) 

LiTUiuM  AND  Sodium. 


in 


Phosphatb  of  Lithia  and  Soda. — Formed  when  the  solution  of  » 
salt  of  litliia  is  evaporated  to  drj'ness  with  plio.sphate  of  soda.  The 
litiuid  becomes  turbid  on  evaporation,  but  the  greater  jKirt  of  the  double 
salt  appears  not  to  be  formed  till  the  liquid  is  evaporated  to  dr^Ticss:  it 
is  then  loft  un<lissolved  on  treating  the  residue  with  water.  If  a  salt  of 
lithia  ia  evapoi-ated  with  metaphosphato  or  pyroj)ho8]ihate  of  soda,  the 
liquid  is,  in  tiie  first  case,  rendered  still  more  turbid ;  but  after  completo 
evaporation,  the  same  quantity  of  tbe  same  salt  is  formed  in  both  i 
White  bulky  powder,  fusing  with  tolerable  facility  on  platinum  wire  befa 
the  blowpipe,  and  forming  a  clear  bead,  which,  on  cooling,  becomes  whit 
opatjue,  and  crystalline;  when  fused  on  charcoal,  it  behaves  in  the  san 
manner.  Caustic  lime  or  carbonate  of  lime  decomposes  it  at  a  red  beat. 
If  the  salt  is  heated  to  redness  with  .3  parts  of  hydrate  of  lime,  boilir 
water  will  extract  the  lithia;  and  by  evaporating,  nltering  from  carbons 
of  lime,  saturating  the  filtrate  with  hydrochloric  acid,  evaporating 
dryness,  and  exhausting  the  residue  with  alcohol,  it  may  lie  obtainotl 
the  form  of  chloride  of  lithium.  When  fused  with  carbonate  of 
with  which  it  forms  a  clear  gla.'is,  becoming  turbid  as  it  cools,  it  does  nd 
attack  the  platinum  vessel ;  but  when  it  is  fused  with  carbonate  of  lira 
then  moistened  with  water,  and  heated  again,  the  platinum  is  atlacke 
It  is  scarcely  soluble  in  c^jld  water,  but  somewhat  more  so  in  hot: 
water  containing  phosphato  of  soda  it  is  nearly  insoluble.  (Uerzelius, 
Seine.  4-1,  127;  Pogg.  4.  24G;  Lehrb.  4,  192.)  It  dissolves  in  1400  par 
of  water  at  15';  in  1233  at  60^;  and  in  951  parts  at  100'.  (Brandos,  , 
59,  359.) 

Fused,  iccording  to  Bcrzeliui. 

NaO „ 312     26-66 

LO  14-4    12-31 

PO» „ 71-4    61-03 


NbCLCPO* 117-0 


10000 


IT  Rammelsberg  {^Pogf/  66,  79)  finds  that  the  composition  of  this 
salt  varies  very  considerably,  the  quantity  of  lithia  varying  within  the 
limits  of  21-8  and  32-15  per  cent.;  from  which  he  concludes  that  the  two 
bases  are  capable  of  rejilacing  each  other  in  the  salt.  Moreover,  bo  is  i 
opinion  that  it  is  tribasic;  because,  when  dissolved  in  dilute  nitric  acid 
it  givea  a  pure  yellow  precipitate  with  nitrate  of  silver.  H 

Litliia  also  combines  with  mercury. 
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CUAPTER   IV. 

BARIUM. 


Hiitory.  Tbo  earlier  cbeniista  diatluguislied  limeaud  magnesia,  nnder 
the  appellation  of  to'Vce  ahsorbentff,  from  tlio  Earths  in  a  more  limited 
taut:  Ui  thcso  absorbent  or  alkaline  earths,  baryta,  discovered  in  1774 
by  Scheole  {Optuc.  2,  262),  ami  8trontia,  discovered  still  later,  were  after- 
w»rdfi  addeiL  Since  the  time  of  Fourcroy,  however,  these  earths,  sonio- 
times  with  the  exception  of  uingiieMia,  have  been  more  or  less  regarded  as 
"kalis;  inasmuch  as  they  possess  the  most  cbarncteristio  properties  of 
kalia,  and  are  distiuguisbed  from  those  earlier  discovered,  only  by  being 
ogetber  with  their  componnds  with  acids — less  easily  soluble  in  water. 
They  may  therefore  bo  clistinguislied  as  tbo  lets  solnble  or  earthy  alkulii. 
Sir  \\.  I)avy,  in  1808,  first  obtained  barium,  strontium,  and  culoium  in 
tbe  free  state ;  but  they  had  before  been  obtained  iu  combination  with 
mercury,  by  Bcrzeliua  &  Pontin. 

Sources.  As  sulphate  and  carbonate  of  baryta;  further,  in  Barytocal- 
in  certain  ores  of  manganese,  in  Harmotomo  and  nrowstorite. 
TrAces  of  baryta  are  also  found  in  the  water  of  Pyrniont  ( limndes,  Schw. 
45,  3t39),  of  Kreuznach  (Liiwig),  and  of  Luhatschivitz.  (I'latiiava.) 

Preparation. — 1.  Hydrate  of  baryta,  or  the  carbonate,  chloride  or 
nitnte,  is  made  into  a  doughy  mass  with  water,  formed  into  a  cup,  and 
ptsecd  upon  a  platinum  dish,  which  is  connected  with  tbo  positive  pole  of 
•  voltaic  battery  of  500  pairs  of  plates;  the  cnp  is  tilled  with  mercury, 
ia  which  tbo  negative  wire  dips  (I.,  458).  The  amalgam  of  bariutn 
tiliu  obtaiueil  is  heated  in  a  tube  of  gl.-us  without  leail,  and  filled  with 
the  raponr  of  rock-oil  till  all  the  mercury  is  cublimed.  (H.  Davy.)  If 
the  bydmte  of  baryta  is  mixed  with  oxide  of  mercury,  the  anialgam  ia 
obtained  in  larger  quantity.  (H.  Davy.)  H.ire  {^N.  Bill.  Univ.  23,  200;  olso 
J.  pr.  Ckem.  19,  249)  prepared  tbo  amalgam  in  a  similar  manner  from 
otsteued  chloride  of  barium  surrounded  with  a  freezing  mixture,  using 
batteries,  each  of  100  pairs,  and  containing  more  than  100  square  feet  of 
c.  Tlie  mercury  was  expelled  by  heating  the  amalgam  in  an  iron 
crucible  provided  with  an  iron  cover,  and  exhausted  of  air. — 2.  Accord- 
ing to  I^vy,  barium  may  be  obtained  in  an  impure  state,  by  passing 
vB]>oar  of  potassium  over  red-hot  baryta  or  chloride  of  barium. — 3.  Puro 
Ixiryta  or  the  nitrate  is  placed  in  a  hole  made  in  a  piece  of  charcoal  or  on 
a  •late,  and  expoi^;i|  to  a  burning  jet  of  detonating  gas,  produced  from 
3  titeatiurc«  of  by<lriigen  ami  one  measure  of  oxygen  gas.  Krtervo>;c<juco 
tftkes  place,  and  white,  shining  globules  of  metallic  barium  arc  formetl. 
Tiic  bujrta  must  b«  nnbydrou?,  and  the  detonating  givaTO%s\.\>c^\« 


^^i»' 
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BARIUM. 


through  oil,  not  water;  otherwise  a  transluceut,  vitreous,  or  homy 
will  be  ohtaineJ.  (Clarke,  GUI.  62,  363;  Schw.  18,  240;  21,  385; . 
Fhil.  17,  419.) 

Propertin.  Silver-white,  with  lesa  lustre  than  out  iron.  Slnli 
rnpidly  in  oil  of  vitriol,  even  if  surrounded  with  bubblea  of  gas.  Doctila 
and  may  be  beaten  flat,  though  with  difficulty.  Fuses  below  redness,  an4 
does  nfit  volatilise  at  a  red  boat.  (H.  Davy,  Phil.  Tram.  1808,  343.) 
the  colour  and  lustre  of  iron,  and  having  a  specific  gravity  ^  4*0,  or 
somewhat  greater.  (Clarke.) 

Atomic  weigJU  of  Barium  :  6839  (Berzelius);  68-64  (Pelouzo);  6854 
(Marignoc,  Ann.  Pliarm.  68,  212.) 


Compounds  of  Barium. 

BAIUnM  AND  OXTOEH. 

A.    Babtta.     BaO. 

Oxide  of  Barium,  Heavy  Earth,  Schwererde,  Sckwertpatherde,  Ba 
Terra  ponderosa,   Terre  petante,   Terre  harotique,  Baryte,  Protuxj/d« 
haryum. 


\  poW4 


Foimaiion.     Barium  exposed  to  the  air  at  ordinary  t«mperBtur«e 
comes  covered  with  a  white  crust  of  baryta,  and  crumbles  to  a  white 
der.  (H.  Davy,  Clarke.)     The  oxidation  is  almost  instantaneous,  the  mei 
beof)miug  covered,  first  with  a  thin  layer  of  a  struw-yellow  colour,  and  th 
with  a  thicker  crust  of  oxide;  so  that  to  catch  the  real  colour  of  the  niei 
the  eye  must  follow  the  stroke  of  the  file  or  the  burnisher.  (Hare.)    Heat 
gently,  it  burns  in  the  air  with  a  dark-red  light  (H.  Davy);  in  the  flamo 
of  the  oxy-hvdrogen  blowpipe,  with  a  chrysolite-green  light.  (Clarke.) 
With  water  it  forms  baryta-water,  with  violent  escape  of  hydrogen.  (H. 
Davy,  Clarke.)     If  the  metal  has  been  previously  kept  under  rook-oL" 
the  effervescence  is  slower,  because  the  barium  is  covered  with  a  layer 
resin.  (Hare.)    In  oil  of  vitriol  it  is  converted,  with  evolution  of  hydrogi 
gas,  into  sulphate  of  baryta.  (H.Davy.) 


H. 
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Preparation. — 1.  Nitmte  of  baryta  is  heated  in  a  platinum  or  earthen 
crucible  or  in  a  porcelain  retort,  till  it  is  completely  decomposed, — a  rood«^_ 
rate  heat  being  applied  at  first,  and  a  very  strong  heat  for  a  short  time  tO^| 
wards  the  end  of  the  process.  (  Vauquelin.)   The  crucible  is  raised  to  a  brigh^^ 
red  heat  in  a  good  air-furnace — a  few  spoonfuls  of  powdered  nitrate  thrown 
in — the  cover  j)Ut  on — and  the  whole  exposed  to  a  red  heat  till  the  mass  ha 
become  quite  solid ;  more  nitrate  is  then  added,  and  the  process  continue 
till  the  crucible  is  half  full  of  baryta.    If  too  much  nitnitc  is  added  at  one 
the  mass  boils  over.     From  a  platinum  crnoible  the  barj'ta  is  not  eaail_^ 
separated;  and,  according  to  Bereelius  {Lehrb.  4,  243),  a  considerable  quan-" 
tity  of  oxide  of  platinum  becomes  mixed  with  the  baryta.    From  an  earthen 
crucible  (which  may  be  broken  when  cold)  tho  baryta  extracts  silici,  alu- 
mina, iron,  and  manganese.     By  too  long  an  exposure  to  heat,  the  baryta 
alisiirba  carbonic  acid  and  oxygon. — 2.  Carbonate  of  baryta  mixed  with 
j>g  ofita  weight  of  Janip-black  or  charcoal,  aud  sometimes  mode  into  a  thick 


jwn 

sill! 
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paste  with  solutioD  of  gam  trag.acanth  or  fixed  oil,  is  bcatod  to  whiteness 
in  %a  earthen  cna-iblo  Tiue<l  with  lump-black  and  having  a  closely  fitting 
oorer.  (Pellctior.)  VVhcu  thus  prejiaxed,  the  baryta  is  often  mixed  witL 
charcoal  or  carbonate  of  baryta:  Konio  cyanide  of  barium  is  also  jiroduced, 
nalogg  the  cliarconl  is  perfectly  free  from  nitrogen. — 3.  Carbonate  of  barytik 
10  exposed  in  a  platinum  crucible  to  the  strongest  hoat  of  a  smith's  forgo 
till  it  foscs.  (Abich.) 

Propeiiifg.  As  prepared  according  to  the  first  and  second  methods, 
it  Lt  sk  greyish-white,  porous,  friable  maHs;  that  obt-ained  by  tho  third 
metliud  is  dark  grey  with  a  bluish  surface,  and  very  ilense;  specific  gra- 
ritj  =  4000  (Fourcroy),  =  4-7322  nearly  (Karsten).  Fuses  only  in  the 
atroagest  heat  of  a  forge  (Abich):  in  the  oxy-hydrogcu  blowpipe  flame  it 
fuaee  to  a  lead-coloured  slag,  which,  when  exposed  to  the  air,  becomes 
ODTerod  with  a  white  powder.  (Clarke.)  It  is  a  non-conductor  of  elcctri- 
Otjr.  Has  a  caustic  and  alkaline  taste,  and  acts  lui  an  alkali  on  rogotablo 
ODlonrs.  Corrodes  organic  mattor,  but  loss  powerfully  than  potash  or 
0oila;  it  possesses  poisonous  properties  independent  of  ita  causticity. 


Ba 
O... 


Calculation.  Benelioa.  H .  Dnvy . 

68-6     89-5fl     89-55     S9-7 

8-0     10-44     10-45     10-3 


B*0. 


76-6     100-00     100-00 


100-0 


(B«0  =  856-88  +  100  =  956-88.     BeraeUus.) 


D«eompo»ition$. — 1.  By  clectrioity.— 2.  By  potassium  at  a  rod  heat. — 
3.  By  hydrogen  at  the  temperature  of  the  oxy-Lydrogen  blowpipe. — 4.  By 
pboaphonu,  sulphur,  and  hydrogen  acids. — .">.  When  vapour  of  sulphiilo 
of  carbon  is  passed  over  baryta  heated  in  a  tube,  the  baryta  becomes  red- 
hot,  and  is  converted  into  a  mixture  of  sulphide  of  barium  and  carbonate 
of  baryta.  (Berzelius.) 

3BaO  +  CS?  =  2Bii3  +  BbO.CC. 

Comhinatumt.     a.  With  water: 

a.  Hyiirate  op  Baeyta. — When  banrta  is  moistened  with  water,  it 
Wis  to  pieces  and  becomes  very  hot,  the  heat  being  often  sutiicient 
lo  raiw  the  hydrate  produced  t-o  a  re<l  heat,  and  then  fuse  it."  (Dobereiner, 
Brkip.  0.  3R7.)  Barytfl  fused  in  a.  platinum  crucible  attracts  water  and 
oarbuttio  acid  from  the  air  so  greedily  that  it  expands  the  crucible. 
(Abich.)  The  hydrate  is  obtaineil  by  melting  the  crystals  of  baryta  iii  a 
iVm  rrurible,  and  heating  to  redness. — White  nowder,  or  fused  white 
gnM,  of  crystallino  texture  j  fuses  at  a  low  rod  heat  and  forms  an  oily 
BqviJ. 


UaO 
HO 


Calculation. 

76-6    B9'5 

9-0    lO'b 


BsO.HO 85-6 


100-0 


Lo«ea  none  of  ita  water  by  strong  ignition  nnloss  carbonic  acid  enters 
fo  nupply  it«  place.  (Bucholz  &  Gehlen,  N.  Gehl.  4,  258.)  In  the  most 
■ewamil  beat  of  a  bluj^t-furnace  it  loses  weight.  (Abich.)  Heated  on 
^koaI.  it  fuses  with  violent  ofTervesoence  (proceeding  from  the  decom- 
p.  '   Ibu  water),  and  siitlu  into  the  cbarooal,  forming  a  hard  mnas. 

(I  ; 
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1S6  BASniM. 

0.  Crystallized  Baryta. — 1.  Baryta  prepared  by  method  1,  2,  or 
3,  is  dissolved  in  Lot  water  and  left  to  crystalline.      For  this  piirpo; 
one  part  of  nitrate   of  baryta   may  bo  mixed   and   heated  to    re<ln< 
with    from   1  to  2  parts  of  powdered  heavy  spar:  the  mass  does  m 
froth  up,  even  when  stronirly  heated.   (Mohr,  Ann.  Pkarm.  27,  27, 
ono  part  of  nitrate  of  barj'ta  is  heated  to  redness  with  from  ^  to  f  _ 
of  iron  filings  until  perfectly  decomposed.  (Artus,  J.  pr.  Chem.  6,  178? 
Wittstein,   Itepert.  65,  359.) — 2.  The  sulphide  of  barium  obtained  by 
leating  to  redness  4  parts  of   heavy  spar  with   1   part  of  charcoal, 
dissolve*!  in  water,  and  boiled  with  1   part  of  oxide  of  copper  till 
liquid  becomes  quit«  colourless,  and,  with  an  excess  of  acetic  acidprcsei 
no  longer  precipitates  a  salt  of  lead;  it  is  then  filtered  from  the  sulphi 
of  copper,  and  left  to  ctystallire.  (Darcct;  A.  Vogel,  N.  Tr.  3,  2,  545. 
The  liquid  contains  a  small  quantity  of  oxide   of  copper  in  eolation. 
(H.  Rose,  Pogg.  12,  78.) — 3.  Baryta  is  thrown  down  in  crystals  by  oddii^H 
potash  to  a  cold  aqueous  solution  of  chloride  of  barium,  nitrate,  or  aceta^^f 
of  baryta;  the  crystals  are  washed  with  ic«-cold  water  or  alcohol,  till  al^^ 
the  potafih-salt  is  separated :  they  are  then  dissolved  in  hot  water,  and  the 
solution  is  left  to  crystallize.  (Anfrye  <k  Darcet,  A.  GeJil.  3,  325 ;  Kirch- 
hoff,  A.  GM.  4,  658;  Pessina,  .Brw^w.   Gioni.    17,   26.';.)     Transparent, 
coloorles,  four-sided,  or  flattened  six-sided  prisms  with  ffmr-sided  sun 
mils.     The  crystals  heated  to   100"  melt,  lose  water,  and  leave  a  whil 
friable  rosi<luo  containing  20-07  per  cent.  (2  At.)  of  water.     This,  whi 
heated  to  redness  in  a  crucible,  froths  up   violently,  fuses,  and  leav 
hydrate  of  baryta  in  a  state  of  tranquil  fusion.  (Smith,  Phil.  Mag.  J.  9, 
87;  also  Pogg.   39,   196.)     The  loss  which  the  crystals  sustain  by  igni- 
tion amountd  to    50   per   cent.  (Bucholz.)     Specific   gravity,  =.  2*188. 
(Filhol.) 

CalcuUtion.  Smith.    R.  Phillips.    Noad.       H.Roie.    Dalton. 

B»0 76-6         48-61         48-21         47-28         46-94         46-66  30 

OHO 81-0         51-39         51-79         52-72         5306         53-34  70 


■   a      I 


BaO,9.*q 1576   10000   10000   10000   10000   10000    100 


ord^ 
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H.  Rose  and  Noad  state  the  amount  of  wator  in  the  crystals,  accor. 
ing  to  their  own  analyses,  as  equal  to   10  atoms:  if  this  oe  the  case,  I 
must  amount  to  54  per  cent.     Noad  also  found  only  9  atoms  of  water  i 
the  crystals  sent  to  him  by  Smith:  it  remains  therefore  to  be  decide 
whether  the  crystals  containing  the  smaller  quantity  of  water  had  1ol_ 
any  previous  to  the  analysis;  or,  what  is  more  probable,  whether  thoeo 
which  were  richer  in  water  did  not  contain  some  of  the  mother-liquid  en- 
closed within  them.     II  Filhol   (J.   P/iai-m.  iL-  C'hiin.  3,   7,  271;  Ann. 
Phann.  56,  222),  in  a  more  recent  examination  of  the  hydrate,  found  onb^H 
8  atoms  of  water.  IT  "^^ 

y.  Baryta-Watkr. — Hydrate  of  biiryta  dissolves  in  20  parts  o^^ 
cold,  and  in  2  parts  of  boiling  water.  (H.  Davy.)  Ono  part  of  anhydrous 
baryta  dissolves  at  13°  in  35,  at  47^  in  7'5,  and  at  70'^  in  5-6  parts  of 
water.  (Osaun.)  It  forms  a  colourless  solution,  which  is  not  precipitated 
by  alcohol,  and  when  exposed  to  the  air  becomes  covered  with  succes- 
sive films  of  carbonate  of  baryta,  till  at  last  nothing  remains  but  pure 
water.  ~ 

6.  With  acids  it  forms  the  Baryta-salts.  For  many  acids,  the  affinity 
of  baryta  is  greater  than  that  of  any  other  salifiable  base.  For  the  pro- 
/•aratiun  of  the  other  salts  of  barytSj  the  very  abundant  substance,  Heavy- 
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9par,  i«  peneraJIy  nsod;  more  rarely,  Witherite.  Heavy  spar  is  converted 
by  ignition  with  charcoal,  into  sulphide  of  barium,  which,  after  being 
dlstwlved  and  filtered,  is  decomposed  by  the  particular  acid  which  will 
forni  the  rei|aired  salt. — Of  all  the  alkaline  salts,  those  of  baryta  are  speci- 
fically the  heaviest.  They  arc  colourless  when  the  acid  itsel/is  colourless. 
Those  which  are  soluble  exhibit  jioiaonous  properties.  Many  baryta-salts 
impart  a  groen  colour  to  the  flanio  of  alcohol.  Most  of  them  are  nearly 
or  Quite  insoluble  in  water;  but  all,  the  sulphate  only  excepted,  dissolve 
in  dilute  hydrochloric  or  nitric  acid.  Salts  of  baryti  which  contain  no 
metallic  acid,  fonn,  when  fused  with  carbonate  of  soda  on  a  platinum  wire 
in  the  outer  blowpipe  flame,  a  transparent  bead  which  iMjcoraes  cloudy  on 
cooling.  This  mixture  when  fused  on  charcoal,  sinks  into  it.  (This  character 
distinguishes  baryta  from  lime,  and  from  the  earths  which  do  not  dissolve 
in  carbonate  of  soda  and  remain  on  the  surface  of  the  charcoal.)  (Plattner, 
J.  pr.  Chem.  16,  467.)  Baryta-salts  dissolved  in  water  or  nitric  acid 
produce,  even  when  very  dilute,  a  finely  divided,  white,  pulverulent  pre- 
cipitate with  sulphuric  aci<l  and  its  salts.  If  the  solution  is  very  dilute, 
or  the  acid  in  largo  excess,  the  precipitate  does  not  appear  for  some  time  : 
it  is  insoluble  in  hydrochloric  or  nitric  acid.  An  aqueous  solution  of  sul- 
phate of  lime  also  precipitates  the  salts  of  baryta.  A  solution  of  nitrato 
of  baryta  containing  only  1  part  of  baryta  in  25,000  parts  of  water,  gives 
»  very  distinct  cloudiness  with  sulphuric  acid  or  sulphate  of  soda;  with 
50.000  to  100,000  parts  of  water,  it  is  rendered  slightly  turbid;  with 
200,000  to  400,000  parts,  not  till  after  some  minutes;  and  with  800,000 
parts,  the  reaction  ceases  altogether.  (Lassaigne,  7^.  Chim.  Med.  8,  526.) 
A  solution  of  chloride  of  barium  containing  1  part  of  baryta  in  71,000 
parte  of  water,  becomes  turbid  with  sulphate  of  soda,  after  the  lapse  of 
oalfanhoar.  (Harting,  J'.  f)r.  C%«».  22, 50.)  Hydrofluosilicic  acid  gives 
i«rith  baryta-salts,  after  a  while,  a  crystalline  precipitate  nearly  insoluble 
in  hydrochloric  and  nitric  acid.  One  part  of  chloride  of  barium  dissolved 
in  3,800  parts  of  water,  still  gives  a  precipitate  with  this  acid.  (Harting.) 
Monocarbonate  of  ammonia,  potash,  or  soda,  precipitates  a  salt  of  baryta 
from  an  aqueous  solution  in  white  flakes,  soluble  with  ofi'er%'e8cence  in 
hydrochloric  or  nitric  acid.  Bicarbonate  of  potash  precipitates  a  some- 
what concentrated,  but  not  a  very  dilute  solution,  uuless  with  the  aid  of 
heat.  Borax  gives  a  white  flaky  precipitate  at  a  certain  degree  of  concon- 
tntion  only;  but  dipho.sphatc  or  arseuiato  of  soda  gives  a  precipitate  with 
%  more  dilute  solution:  this  precipitate  is  easily  soluble  in  hydrochloric  or 
nitric  acid.  Monophosphate  of  soda  (NaO,  2H0,  cPO')  does  not  give  any 
precipitate.  lodate  of  soda  precipitates  the  baryta  completely  as  iodate,  in 
the  form  of  a  white  granular  powder  easily  soluble  in  hydrochloric  acid. 
Saita  of  baryta  are  precipitated  yellow  by  chromate  of  potash,  and  per- 
fectly, even  when  the  solution  is  largely  diluted.  Simple  oxalate  or  tartrate 
Ilia,  potash,  or  soda,  gives  a  white  precipitate,  soluble  in  dilute 
ioric  acid.  Free  oxalic  acid  and  hinoxalato  of  potash  produce,  after 
»onio  liiue  and  only  from  a  concentnitcd  solution,  a  crystalline  precipitate 
of  biuoxalate  of  baryta.  Alkaline  succinates  precipitate  a  concentrated 
•olotioD  immediately ;  a  dilute  solution,  after  some  time  only.  Fcrro- 
Cjaoido  of  potassium  gives  a  yellowish-white  precipitate,  provided  the 
■olation  is  nut  too  clilute.  Perchloric  acid  and  sulphide  of  ammonium  do 
not  affect  baryta-salts. 

e.  Baryta  likewise  combines  with  eome  of  the  earths  and  motallio 
oxidos.— <t.  With  certain  substances  of  the  organic  kiuj^dom. 
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DAJIIUM. 


B.     Pekoxide  op  Bakitm.     BaO*. 


Baryta  licated  to  low  reJncsa  in  a  glass  or  porcelain  tube,  ra^ 
absorbs  oxygen  paseod  over  it  (Gay-Lussac  &  TliOnard);  and  indeeo, 
Thi-nard  {Ann.  Chlm.  Fhi/s.  8,  30S)  supposed  and  Ramnieleberg  {Pogg. 
44,  588)  confirmed,  one  atom  of  baryta  absorbs  one  atom  of  oxygen,  ^j 
Preparation. — 1.   Bv  Thenard's  method  (II.,  7). — 2.  Chlorate   of  ixitasb^l 
ia  sprinkled  in  small  quantities  at  a  time  ou  baryta  at  a  low  red  heat.^^ 
The  baryta  bccoiiifs  rod-hot.     The  mass  when  cold  may  be  frt-ed  from  tho 
chloride  of  potJissium   mixed  with  it,  by  washing  with  cold  water;  Uie 
residue  is  hydratcd  peroxide  of  barium,  which  may  be  dried  in  the  air  at 
ordinary  tempcniturcs.  (Liebig  &  Wohler,  Poff;;.  2C,  172.)     Qucsncville 
(Ann.  Chim.  Phys.  36,  108;  also  Pnqij.  10,  620)  heats  nitnito  of  barj'ta  in 
a  porcelain  retort  furnished  with  a  Welter's  safety  tube,  till  it  evolves  no 
more  hyponilric  acid  but  only  pure  oxygon ;  the  residue  ia  peroxide  of 
barium  free  from  nitric  acid 

This  process  might  give  nitrite  of  baryta. 


Ba 

Cklnilntian. 
68-6     81'09 

20    

16-0     18-91 

B.««    

84-6     100-00 

Peroxide  of  bariam  is  of  a  dork  grey  colour,  and  somewhat  more 
fusible  tlian  tho  protoxide.  (Gay  Lussao  &  Thcnard.^  When  very 
strongly  heated,  it  evolves  oxygen  and  is  converted  into  baryta :  ia 
warm  water  it  is  resolved  into  oxygen  gas  and  baryta-water;  with 
carbonic  acid  gas  it  yields  oxygen  and  carbonate  of  baryta;  heated  %vith 
hydrogen  gas  it  emits  sparks,  and  is  converted  into  hydrate  of  baryta. 
Gives  up  its  excess  of  oxygen  to  carbon,  boron,  phosphorus,  sulphur, 
and  the  metals,  at  elevated  temperatures,  and  to  hydrosulphurio  aci<I 
in  the  cold.  (Gay-Luasac  &  Thenard.)  Dissolves  in  hydrated  acids, 
forming  a  salt  of  baryta,  whilst  its  excess  of  oxygen  pusses  over  to  it 
portion  of  the  water,  forming  peroxide  of  hydrogen.  When  peroxide  of 
Darium  is  thrown  into  water,  it  diffuses  itself  through  the  liquid  without 
rise  of  temperature,  and  produces  llydrated  PeroxCie  of  Barium  in  tho 
form  of  a  white  powder.  The  same  compound  is  precipitated  in  pearly 
scales  when  an  excess  of  baryta-water  is  added  to  pure  peroxide  of 
hydrogen,  or  the  hydrochlorate  or  nitrate  of  that  compound ;  these  scaW 
are  dccompowMl  by  water  at  100'  into  oxygen  gas  and  barvla- water,  and 
are  only  slightly  soluble  in  colder  water.  (Thenard,  Ann.  Oliim.  Phys.  8, 
312.)  Tho  hydrate  appears  to  contain  6  atoms  of  water.  (Liobig  6t 
Wohler.) 


4 
4 
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Babiuh  akd  Cabbon. 

A.  Carbonate  op  Baryta. — o.  MonocarhonaU.     Found  native' 
Witherite.     It  is  rapidly  formed  by  exposing  baryta,  or  tho  hydrate^ , 
crystals,  or  solution  of  baryta  to  the  air. 

Preparation. — 1.    An   aqueous   solution   of  chloride   of    barium 
nitrate  of  baryta  is  precipitated  by  carbonate  of  ammonia  and  washed.- 
2.  An  Ju^ueoiLi  nulutwii  of  isuipbidc  of  baiivuu  -  '  with  carbonate  of 
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soda  free  from  sulpLate,  and  tlie  precipitate  wasbeiL  This  precipitate  ia 
more  likely  to  bo  contaminated  either  -with  a  Kul])har  compound,  or — if 
carbonate  of  potash  is  used  instead  of  carbonate  of  so<la — with  silica. — 
3.  A  crucible  is  filled  with  a  mixture  of  10  parts  of  heavy  spar,  2  parts 
of  charcoal,  and  5  parta  of  pearlash;  exposed  to  a  full  red-heat  for  several 
urs,  till  the  moss  fuses  together;  then  taken  out,  and  the  cruciblo 
llJed,  kc.  The  broken  mass  freed  by  washing  with  water  from 
phide  of  potassium,  leaves  impure  carbonate  of  baryta.  This  serves 
for  the  tireparation  of  other  baryta-salts  by  dissolving  it  in  the  various 
acids  (they  will  however  contain  iron).  (Anthon,  Repert.  50,  32G;  vid. 
also  Otto,  Ann.  Pharm.  26,  92.)  In  order  to  obtain  the  carbonate  in 
CTy»tal8,  a  bag  containing  crystallized  baryta  is  suspen<lod  in  a  mixture  of 
baiytft-water  and  solution  of  potash,  and  the  air  allowed  to  act  on  it. 
{Zoes:^,  Kastn.  Arch.  2,  17.) 

The  ctysfalUno  system  of  Witherita  is  the  rhombohedral ;  primary' 
form,  a  slightly  obtuse  rhomb.  (Fig.  141,  137,  138  and  others) 
r*  :  r*  =  91°  54' ;  r'  :  r'  =  88'  C' ;  r  :  cr  =  143°  23"  and  so  on.  (Hauy.) 
Sp.  gr.  =  4-301  (Mohr)  =  4-3019.  (Karsten.)  The  artificially  prepared 
carbonate  is  generally  in  the  form  of  a  soft  white  powder.  Fuses  in  a 
powerful  bUst-fumace  (Abich),  and  in  the  flame  of  the  oxy-hydrogon 
nlowpipe.  (Pfafi".)  lu  hne  powder  it  turns  reddened  litmus  blue,  and 
the  oolonr  of  violets  green.  (Fleischl.) — Tasteless  and  poisonous. 


Kirw.,  PcUct., 
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Calculation. 
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77-69 
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...     1000 
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78-6       

79       ... 

90 

C<»5 
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..       21       ... 

...       10 

1000       

..     100 
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On  charcoal  ignite<l  in  a  stream  of  oxygen  gas,  it  volatilizes  with  a 
TcJlowish  lipht.  When  exposed  for  an  hour  and  a  half  to  the  strongest 
beat  of  u  bTat>t-furnac«,  it  losc«  all  its  carbonic  acid.  (Abich,  P(yg.  23, 
314.)  ThiH  Kccurs  at  a  lower  temjierature,  if  vapour  of  water  is  passed 
over  it,  whereby  the  hydrate  is  formed.  (Priestley,  Gay-Lussacib  Thenard, 
lircliereh.  2,  ISO.)  Fuses  readily  before  the  blowpipe,  forming  a  clear  bead 
(of  hydraU"  ?),  which  becomes  whit«  and  upaaue  as  it  cools;  on  charcoal  it 
b«h»ve»  just  like  the  hydrate.  (Berzelius.)  When  earbouate  of  baryta  ia 
'xcil  auilor  water  with  its  own  weight  of  sulphato  of  potash  or  twice  its 
igbt  of  Glauber's  salts,  and  agitiited,  the  whole  is  converted,  in  the 
•Dursc  of  half  an  hoar,  into  sulphato  of  baryta  and  carbonate  of  potash 
or  •oda  (Sdi.  03);  but  at  a  higher  temperature,  the  reverse  takes  place. 
(Kolreutf-r,  Ma;/.  Pharm..,  8,  181.)  The  decomposition  of  sulphate  of 
potash  or  soda  in  the  cold  takes  place,  but  very  imperfectly,  even  when 
ruaal  weights  are  used  and  the  mixture  agitated  for  24  hours.  (Gossmaun, 
Jtrptrt.  61,  41'.)  Carbonate  of  baryta  dissolves  very  easily  in  a  cold 
aqoeouK  solution  of  chloride  of  ammonium,  or  of  nitrate  or  suuciuato  of 
oBUBoniii.  (A.  Voi,'oJ,  J. pr.  C7tan.  7,  453  ;  Brett,  P/iil.  Mcuj.  J.  VQ,^<i-» 
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WiltateiD,  Jlepert.  57,  18;  Wackcnroder,  Ann.  Phai-vu  41,  315.)  If 
lir^uid  l>ti  continuously  boiled,  one  atom  of  snl-ainmonioc  only  is  rcqnir 
fur  tlio  solution  of  one  atom  of  carbonate  of  baryta,  and  the  amiuoD 
escapes  as  carbonate.  (D.  Smith,  Phil.  Mag.  J.  9,  5-10;  Demar^y,  Ann. 
I'harm.  11,  251.)  Carbonate  of  baryta  is  soluble  in  4304  parts  of  cold, 
and  in  2304  parts  of  boiling-water.  (Fourcroy,  Ann.  Chim.  4,  64.) 
H  One  part  of  carbonate  of  baryta  dissolves  in  14,137  parts  of  water 
at  a  temperature  between  IG  and  20'';  in  15,421  parts  of  boiling  water; 
and  in  141,000  parts  of  solution  of  ammonia  or  carbonate  of  ammonia,  at 
ordinary  temperatures.  (Fresouius,  Ann.  Pltarm.  59,  117.)ir  The 
aqueous  solution  has  a  6li;;ht  alkaline  reaction  on  vegetable  colours. 
(Braconnot,  Plcischl.)  It  does  not  dissolve  in  an  aqueous  solution  of 
potash  or  soda  salts.  ^H 

1.  SetquienrbonaU. — Chloride  of  barium  is  precipitated  in  the  cold  witl^^ 
sesqui-carbonate  of  potash  dissolved  iu  water.     It  is  more  soluble  in  water 
than  a.  (Boussingault,  Ann.  Chim.  Phyt.  28,  288.) 


ColcolatioD. 

2BiiO  153-2     .. 

3CO=    „ 660     ... 


BoDuingault. 

69B9     68-5 

3011     31-5 


2BaO,3CO*  219-2     10000     1000 


i 


c.  Bicarbonate. — Can  be  prejiarcd  only  iu  the  form  of  aqueous  solo- 
tion. — 1.  Solution  of  carbonic  acid  dissolves  -^ig  of  carbonate  of  barj'ta. 
(Fourcroy.) — 2.  By  mixing  a  soluble  salt  of  baryta  with  bicarbonate  of 
potash  or  soda,  acid  carbonate  of  baryta  is  obtained  and  remains  dissolved 
if  a  large  quantity  of  water  is  used.  (BcrthoUet,  J\'.  G'elJ.  3,  2G1 ;  Long- 
champ,  Ann.  Chim.  Phys.  23,  191.)  The  solution  Las  an  alkaline  action 
on  litmus  and  violets.  (Pleischl.) 


BAniCM  AND  Boron. 

Borate   of   Baryta. — a.   MonoboraU.      Formed  when  chloride 
barium  is  precipitated  by  monoborate  of  potash.     Tlie  precipitate  dis- 
solves slightly  iu  cold  water,  and  more  freely  in  hot.  (Berzeiius.) 

b.  Biboratf. — By  precipitating  solution  of  borax  with  a  baryta-salt 
excess,  and  washing  the  precipitate.  It  forms  loose  hydratcd  flukes, 
which  form  a  fine  white  powder  when  dried,  and  when  heated  to  redness, 
give  off  Witter  auil  fui<o  to  a  grey  transparent  glass.  Exerts  a  slight  alka- 
line action  on  vegetable  colours. 

Fnied.  TUnnermann.    L.Gmelin.   Berzeiius.    Tticnard. 

BaO 76-6     ....     52-39     ....     5279     ...     549     ....     558     ....     57» 

2BO»  ,.     G9-6     ...     47'Gl     ....     ir2l     ....      151     ....     -14-2     ....     il-l 


B»0,2BO» 146-2 


10000 


BaO.... 

2Bn» 

2HO 


....  10000     ....  100-0     ....  100-0     . 

Unignitcd.  Tlinnerfnann. 

76-6    ....    46-63    46-71 

69-6    ....     42-39     4179 

ISO     ....     10-9G     11-50 


100 


BaO,2BO»  +  2.\q.    1642     ....100-00     10000 

When  chloride  of  barium  is  precipitated  by  borax  in  excess,  the  precipi 
tato  after  J^ition  contains  48*31  per  cent,  of  baryta  and  51-79  of  boracio 
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acid.|(TuDnen»ann.)  With  sulphate  of  potaah  and  soda  in  the  cold,  it  behaves 
in  tlie  same  manner  as  carl>onate  of  haryta.  (Kolrouter.)  It  dissolves  in 
lOU  parts  of  cold  water:  a  hut  saturatetf  solution  deposits  part  of  the  salt 
on  cooling,  iu  the  form  of  a  white  powder;  carbonic  acid,  according  to 
Berzelius,  throws  down  carbonate  of  baryta  from  the  solution.  It  is 
readily  dissolved  by  a  cold  aqueous  solution  of  chloride  of  ammonium  or 
nitrate  of  ammonia,  (Brett,  Wackenroder,)  also  by  chloride  of  barium. 
(H.  Rose.) 

c.  Serborai-e. — Soxborato  of  ammonia  gives  with  baryta-salts  a  white 
prvcipilate,  which  is  soluble  in  a  large  (quantity  of  water,  and  renders  it 
alkaline.  (Laurent) 


Barium  and  Puobpborcs. 


A.  Phosphide  OP  Bahium.  Otherwise  called  p/iod^j/rKj-rf  o/Jnryia. — 
It  is  obtained,  mixed  with  phosphate  of  baryta,  when  vapour  of  phosphorus 
it  |>a«sed  over  baryta  heated  to  redness  in  a  glass  tube.  Dry  phosphorus  is 
|>ul  ivVi  a  glass  tube  from  ^  inch  to  .^  inch  wide,  scaled  at  one  cud,  tlio 
rest  of  the  tube,  excepting  the  length  of  2  inches  l>eyonil  the  phosphorus, 
being  filled  with   pieces  of  baryta.     The  tube  is  placed  horizontally;  the 

irt  containing  the  bar^'ta  heated  to  low  re<lnesa  by  means  of  charcoal; 

dJ  the  phosphorus  gently  fused  and  voIatiliEcd  by  a  chnrcoal  fire  or 
■  spirit  lamp.  If  all  the  air  is  previously  expelled  from  the  tube  by  a 
current  of  hydrogen  gas,  and  the  vapour  of  phosphorus  mixed  with 
hydrogen  passed  over  the  baryta,  74  04  parts  of  baryta  absorb  25-00'  parts 
of  phosphorus,  or  7  atoms  of  baryt.a  take  up  G  atoms  of  phosphorus. 
In  this  manner,  5  atoms  of  monophosphido  of  barium  and  1  atom  of 
diphosphate  of  baryta  are  produced. 

7BaO  +  6P  =  5B«P  +  2BaO,  P0». 

(Dumas,  Ann.  Chim.  Pliyt.  32,  364.)  [Should  not  3BaO,  PO'  be  formed, 
aei-ording  to  the  formula  8BaO  +  CP  =  5BaP  +  3BaO,  PO'1]  This 
Babetancc  is  brownish-black,  has  a  metallic  lustre,  and  is  tolenibly  hard. 
(Duiuati.)  Very  fusible.  Decomposed  by  water  into  pliosphuretted 
hydrogen  gas  and  hypophosphite  of  liaryta.  (Dulong.)  Not  sensibly 
affected  by  chlorine  in  tllfe  cold;  but  when  heat  is  applied,  it  immediately 
becomes  red-hot  and  is  resolved  into  chloride  of  phosphorus,  chloride  of 
barium,  and  phosphate  of  baryta.  (Dumas.) 

B.  Hypophosphite  op  Baryta. — 1.  Phosphide  of  barium  is  decom- 
poaed  by  water,  the  liquid  llltered,  and  evaporated  to  the  crystallizing 
point.  (Dulong.) — 2.  Baryta-water  is  boiled  with  ]>lio8phorus  till  no  more 
pbo.xphu retted  hydrogen  is  evolved;  the  solution  filtered  from  the  phos- 
phate of  baryta  produced  at  the  same  time ;  tlicn  evaporated  over  oil  of 
vitriol  in  vacuo,  and  the  uncrystallizable  residue  di.ssolved  in   hot  water 

~  '  cooled.  (H.  Rose.)  As  it  is  not  absolutely  necessary  to  boil  the 
^ta-water  with  the  phoqihorus,  the  flask  may  be  nearly  filled  with  liquid 
.  act  in  a  warm  place;  and  thus  the  explosion  which  the  phosphuretted 
hydrogen  i)roduce8  on  coming  in  contact  with  the  air  may  be  prevented. 
(Wurtz.)  [.\  cast-iron  bottle  might  be  serviceable.]  Instead  of  baryla- 
water,  u  nolution  of  ordinary  sulphide  of  barium,  which  generally  contains 
iDoro  tlian  ono  atom  of  sulphur,  may  bo  used:  it  actfi  la  the  <»>ld,&ad  loena 
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its  yellow  colour,  •while  the  pliosphorns  absorbs  the  excess  of  snlpbtir,  and 
is  resulvoJ,  together  with  the  water,  into  Lyilrosulpliuric  acid  which  com- 
bines with  the  muuosulphide  of  barium,  and  hjpophosphorous  acid.  If 
beat  bo  applied,  a  violent  evolution  of  easily  inflammable  phosphurettcd 
hydrogen  and  pure  hydrogen  gas,  followed  by  a  email  quantity  of  hydro- 
sulphuric  acid  gas,  takes  place.  At  last  a  solution  is  olitained,  consisting 
of  hypophosphite  of  baryta  and  double  sulphide  of  hydrogen  and  barium, 
which  latter  is  not  decomposed  by  phosphorus.  The  double  sulphide  is 
decomposed  by  digestion  with  carbonate  of  lead;  and  the  liquid  filtered 
and  evaporated  to  the  crystalliziag  point,  yields  the  salt  b.  (Wartz.) 


a.    Willi  2  aionu  of  water. — 1.  Crystallizes  from  a  B«lution  evaporat 
in  vacuo  over  oil  of  vitriol  already  mixed  with  water  (H.  Rose);  like- 
wise from  a  solution  in  excess  of  lij-popliocphorous  acid:  none  of  tl 
acid  combines  witli  the  crystals,  so  that  tbey  are  neutral  after  washin, 
(Wurtz.) — 2.   It  remains  after  drying  the  salt  I  at  100".   (Wurtz.)     P; 
pared  by  tLo  lirt>t  method,  it  forms  shining  sijnaro  tables.  ( W  urtz.) 

h.  Wiih  3  atoms  of  tcaier. — Crystallizes  from  a  hot  aqueous  solution 
on  cooling  (H.  Rose),  or  on  the  careful  addition  of  alcohol,  till  turbidity 
begins  to  show  itself  and  the  deposition  of  salt  commences.  (Wurtz.) 
Crystallizes  in  prisms  of  a  pearly  lustre  and  somewhat  flexible.  (H. 
Rose.)  White  needles,  pomianent  in  the  air  when  dry,  and  losing  6'28  jjer 
cent,  of  water  at  100'.  When  heateil,  the  salt  first  evolves  water,  then  a 
large  quantity  of  spontaneously  iu flammable  phosphurettcd  hydrogen,  fol- 
lowed by  a  little  non-spontaneously  inflammable  gas,  and  leaves  80'74  per 
cent,  of  a  reddish  mixture  of  diphosphate  of  baryta  with  a  small  quantity 
of  oxide  of  phosphorus.  (U,  Rose.) 

2{B»0, 2110,  PO)  =  2BsO,  PO»  +  PH«  +  HO. 

A  concentrated  solution  heated  with  hydrate  of  potash  evolves  mnol 
hydrogen  and  deposits  phosphite  of  baryta.  (Wurtz.) 

2(BaO.  2H0,  PO)  +  2KO  =  2BaO,  PO"  +  2K0,  PO^  +  4H. 

The  salt  b  dissolves  in  3-5  parts  of  cold  and  iu  3  parts  of  boiling 
water  (Wurtz);  it  is  insoluble  in  alcohol.  (H.Rose.)     (  Ft'i/.  also  Dulonj 
Ann.  Chim.  Pliys.  2,  141;  H.  Rose,  Fogg.  9,  370,  12,  83;  Wurtz,  Am 
f/tarm.  43,  323.) 

With  2  stums  of  water.  H.  Rose,   i 

B«0 76-6       57-161  .-.., 

PO  39-4       29'40l  "*  *' 

2HO   lB-0       13-44  14-43 


:e^^ 


BbO,2HO,PO 134-0 


a.  With  3  atoms  of  water. 

BaO  76-6     53-57 

PO 39-4     27-65 

3H0 27-0     18-88 


100-00 


Wurtx. 

|3. 
63-44 
27-46 
19-10 


lOO-OO 
H.  Rofle. 

r- 

&2-1S 
21-01 


+  Aq 1430 


100-00 


100  00 


a  consists  of  crystals  obtained  by  evaporating  the  solution  in  vacuo 
over  oil  of  vitriol  containing  water;  ft  of  crystals  formed  by  the  cooling 


PHOSPHATB  or  BAKYTA. 


U3 


of  an  aqiieons  eolation;  y  U  tho  dry  mass  which  remains  in  tocdo  over 
pure  oil  of  vitrioL 

C.  Phosphite  or  Baryta. — a.  Diphosphite.  Precipitates  on  mixing 
ilipbnspbile  of  ammonia  with  chloride  of  barium:  it  separates  after  a 
ebort  time  aa  a  white  crystalline  crust,  which  adheres  to  the  vessel  and 
effloresces  in  dry  air.  (Berzclius.)  The  dry  salt  heated  to  redness  in  a 
retort  evolves  pure  hydrogen  gas,  besi<le8  traces  of  water  and  phosphorus, 
»nd  leaves  di-[pyro-jphospbato  of  baryta,  of  a  brownish  colour,  arising 
from  the  presence  of  a  small  quantity  of  phosphoric  oxido. 

2B«0,  PO,  2HO  =  2BaO  PO*  +  SH. 

!H.  Rose,  Pogg.  9,  23.)  Evaporated  with  nitric  acid  and  ignited,  it 
esv«3  diphosphate  of  baryta.  (Berzelius.)  Dissolves  readily  in  water 
containing  au-ammoniac.  (Wackeuroder.)  Very  slightly  soluble  in 
Water,  from  which  it  crystallizes  by  evaporation :  when  strongly  heated 
with  water,  it  is  converted  into  a  oasic  salt  which  separates  in  pearly 
ecalos,  and  an  acid  salt  which  remains  in  solution.  (Dulong.) 


Calculation. 

Bencliua. 

H.  Rose. 

Vaaquelin. 

2BaO    

153-2     .... 

67-61 

,,     6724     . 

.,     66'65 

....     51-3 

po«    

86-4 

24-45 
7-94 

.,     24-31     . 
...       8-45     . 

..     25-30 
8-05 

....     41-7 

2HO 

18-0     .... 

....       7-0 

2BaO,  PO>,2Aq 2266 


lOO'OO 


100-00 


10000 


100-0 


When  a  solution  of  monophosphate  of  l»aryta  is  precipitated  by  excess 
of  ammonia,  digested,  filtered  and  washed  (Imt  not  too  long,  on  account  of 
ita  aolnbility)  a  salt  remains  containing  69-47  per  cent.  (5  atoms)  of 
baryta,  28-85  (3  atoms)  of  phosphorous  acid,  and  1"65  (2  atoms)  of  water. 
(H.  Rose.) 

h.  Monophotphite. — The  salt  a  is  digested  with  an  aqueous  solution 
of  phosphorous  acid,  in  quantity  not  quite  sufficient  to  form  a  perfect 
dilution,  and  the  filtrate  evaporated  in  vacuo  over  oil  of  vitriol.  It 
/'inns  small  granular  crystals.  Heated  in  a  retort,  it  swells  up  cousider- 
ablv;  evolves  a  mixture  of  hydrogen  gas  and  much  phosphiiretted 
hyilrogeu,  not  spontaneously  inflammable;  and  leaves  a  residue  free  from 
oxide  of  phosphorus,  composed  of  55  9  parts  (10  atoms)  of  baryta  and 
46-1  parts  (.9  atoms)  of  phosphoric  acid.  Evaporated  with  nitric  acid  and 
ignited,  it  leaves  95-8  per  cent,  of  fused  monophosphate  of  baryta 
(UiO,  PO*).     Easily  soluble  in  water.  (H.  Rose,  Pogg.  9,  215.) 

Cryafadlixed.  U.  Rose. 

2BaO  153'2     ....     4942  ....     49-39 

2PO»  , 11 1-8     ....     36-07  ....     35-83 

5HO    45-0     ....     14-51  ....     14-58 

2(BaO,  2HO,  PO^  +  Aq.  ?      3100     ....  10000    ....  100-00 

D.  Ordinary  phosphate  op  Baryta. — a.  Tripho^iliate.  Formoil 
when  chloride  of  barium  is  precipitated  by  triphosphate  of  so<la:  tho 
•amomntuiit  liquid  is  neutral.  Heavy  precipitate  in  tho  form  of  small 
IIAm.  (Graham,  Pugy.  32,  -19.) 

Calculation. 

3BaO    229-8    76-29 

cPO* 71-4    23-71 

3BaO, fPO* ....  301-2    10000 
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By  digesting  the  salt  h  with  ammouia,  Berielius(j4n7i.  Chim.  Phyt.  21, 
114)  obtained  a  white  powder  which  did  uot  absorb  coi'bonic  acid  from  th« 
air;  it  contaiued  72-93  per  cent,  of  baryta  with  27'07  of  pboaphorio 
Acid.  This  is  either,  aa  Berzelius  supposes,  a  compound  of  5  atoms  of 
baryta  with  2  atonic  of  phosphoric  acid,  or  a  mixture  of  a  and  b. 

b.  JHphotphaU. — 1.  Ordinary  diphosphate  of  ammonia  is  added  drop 
by  drop  to  an  aqueous  solution  of  chloride  of  barium,  in  each  quantity 
that  the  former  salt  may  predominate.  (Berielius.)     An  excess  of  diphos- 
phate of  ammonia  would  withdraw  one  part  of  the  acid  from  the  preci^H 
pitatc,  and  bec<jme  changed  into  simple  phosphate  of  ammouia.  (Mit8^| 
oherlich.) — 2.  IT  Lndwig   {ArcJt.    d.    Pharm.    66,    265)   found    that   on 
adding  cldoride  of  barium  to  ordinary  phosphate  of  soda,  the  compound 
2BaO,  HO,  PO*,  is  always  precipitated,  and  more  or  less  phosphoric  acid 
left  in  solution :  moreover,  when   phosphate  of  baryta  is  dissolved   in 
hydrochloric  acid  and  precipitated  by  ammonia,  phosphoric  acid  is  like- 
wise found  in  the  liquid.  IT     White  pulverulent  precipitate,  fusing  in  the      i 
fire  to  a  grey  enamel.  (Berzelius.)     With  a  cold  solution  of  potaah  o^H 
soda   it   behaves   like  carbonate  of  baryta.    (Kolreuter.)      This  decom«^l 
position  is  very  imperfect.    (Gossmann.)     Readily  dissolved  by  a<jueous      ' 
]>hosphoric,    hydrochloric,    or   nitric  acid.      It   is   easily  soluble  also   in 
water  containing  sal-animoninc,  nitrate,  or  succinate  of  ammonia  from 
which    it   is    partially  precipitated   by  a  small   quantity   of  ammunia,^^ 
but  completely  by  a  larger  quantity.  "(H.  Rose,  Brett,  Wittstcin.)     Dia^f 
solve-s  at  22'5'',  in  400  parts  of  acetic  acid  of  specific  gravity  1-032,^^ 
One  part  of  it  dissolves  iu  20,570  parts  of  water  at  20".  (Bischof )     If 
an  excels  of  phosphate  of  baryta  is  digested  at  a  tem}>oraturo  of  20°  in 
nitric  acid  of  specific  gravity  1-275  mixed  with  various  proportions  of 
wafer,  the  salt  dissolves  in  the  several  liquids  in  very  different  proportion8.j 
In  the  following  table,  a  gives  the  quantity  of  water  added  to  100  part 
of  nitric  acid ;  b,  how  many  ])arts  of  the  acid  mixture  are  required  tol 
dissolve  ]  part  of  phosphate  of  baryta;  c,  the  quantities  of  phosjjhatc  of 
baryta  dissolved  by  100  parts  of  nitric  acid  of  specific  gravity  r275,  after 
dilution    with  a  greater  or  smaller  quantity  of  water.  (Bifchof,  Schw. 
C7,  39.) 


oi 

ler™ 


a. 

b. 

r. 

n. 

h. 

e. 

a. 

6. 

C 

•0 

1&C3 

0-0G2 

390 

hi 

8-74 

1000 

22 

49-91 

79-2 

318 

O'SG 

475-2 

45 

12-88 

1100 

45 

26-78 

1.S8-4 

155 

1-67 

700 

52 

15-53 

1700 

66 

27-30 

237-5 

107 

3-16 

800 

48 

18-65 

2300 

63 

38-02 

316-8 

69 

6-03 

900 

30 

3302 

2900 

74 

39-16 

Hence  it  appears  that  100  parts  of  nitric  acid  of  specific  gravity  1-2751 
dissolve  the  greatest  quantity  of  the  salt  when  diluted  with  a  tenfold  quan- 
tity of  water.     [The  solution  is  doubtless  effectetl  by  the  conversion  of  the 
diphosphate  of  baryta  into  nitrate  and  soluble  mouophosphate  of  baryta. 
The    more   concentrated   the  solution  the    less  easily   ia   the    nitrate    of 
iMiryla  taken  up.     A  certain  degree  of  dilution  is  therefore  necessary;  hut 
when  it  is  too  great,  the  decomposing  effect  of  the  nitric  acid  is  probabljrl 
interfered  with.]     Water  containing  la^ga  part  of  nitric  acid  dissolreaj 
more  than  double  the  quantity  that  pure  water  does.  (Bischof.) 

c.  Tu-o-Oiirdt  phosphate.  When  an  aqueous  solution  of  phosphoriol 
acid  is  saturated  with  the  salt  6,  and  alcohol  added,  krge  Hakes  aro( 
thrown  down,  which,  after  being  purified  by  means  of  alcohol  and  dried, 
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TteM  a  loose  white  powder,  and  after  ignition — during  which  the  mass 
pulFd  op — a  ^^y  porous  mass.  (Borzeliiis.)  [After  ignition,  it  probably 
oofMiiAU  of  pyropliospLate  and  mctupliospliate  of  baryta.] 

Ignited. 

3BaO    229-8    6187 

aPO*    142-8     38-33 


3B»0, 2PO» 3726 


10000 


d.  Monophotphatf.  Monophosphate  of  soda  does  not  affect  chloride 
of  bariiiiu;  the  slightest  addition  of  ammonia,  however,  gives  rise  to  a 
precipitate.  (Mitsvherlich.) — Diphosphate  of  baryta  is  dissolved  in  aauc- 
ons  phoiipboric  acid  to  saturation;  the  solution  evaporated  gradually; 
and  the  crystals  formed  during  the  process  pressed  between  blottiug- 
iiu[>tfr.  The  syrupy  mother-liquid  is  phosphoric  acid  nearly  free  from 
baryta.  The  crystals  are  white,  and  resemble  chloride  of  barium  in 
laiitc  as  well  as  in  appearance,  excepting  that  they  are  rather  acid  r.nd 
nrddcD  litmus.  They  arc  permanent  in  the  air,  and  at  a  red  heat  are 
€»>ijrert<>d.  with  frothing  up  and  loss  of  water,  into  a  spongy  ma^g  resem- 
I'l  I  alum.   (Berzelius.)     The  salt  dissolves  in  aqueous  pho.sphorio 

it-  iiic  other  acids,  without  decomposition:  mixed  with  a  large  quan- 

tity of  w;iter,  it  changes  into  dipho.sphate  which  remains  undissolved, 
snu  dilute  phosphoric  acid  containing  but  little  baryta.  (Berzelius,  Ann, 
Ckim.  Ph'js.  2,  133;  11,  114.) 

Ignited.  Beneliiis. 

B«0 76-6     ....     51-76        52-2 

PO»  71-«     ....     4824         47-8 


JUO,  PO» 1480 


10000 


1000 


B*0 

ePO» 
2HO 


CrystoJlized. 
76-6    ....    46-15 
71-4     ....     4301 
180     ....     10-84 


Bcrxfliuti. 
46-46 
42-r.4 
11-00 


B»0, 2HO,  cPO*  166  0 


10000 


100-00 


E.  DiPYRopnospiiATE  OP  BAnvTA. — An  aqueous  solution  of  dipyro- 
phoxphatc  of  .soda  gives  with  chloride  of  b.-iriuiii  a  precipitate  containing 

-zh  parts  of  baryta  and  32-67  parts  of  pyrophosphoric  acid.  (Hess,  Fogg, 
,71.)  Pyrophosphate  of  barytii  is  in.solublc  in  water  cout-iining  siJ- 
■mmoniac.  ^  Anior|ihous  while  powder,  somewhat  soluble  in  water; 
•ulable  in  nitric  and  in  hydrochloric  acid :  insoluble  in  acetic  acid  and 
wliitiun  of  pyrophosphate  of  soda;  soluble  in  water  containing  sulpliurous 
•eid ;  also  in  a  large  excess  of  pyrophosphoric  acid.  The  hydrated  salt 
conlainA  one  atom  of  water.  (Schwarzonberg.)  ^ 

F.  METAPnoRPiiATE  OF  Barytv. — Meta]iho3])hate  of  soda — prepared 
by  ignitin<:  the  ordinary  monophosphate  of  soda — is  dissolved  in  a  small 

aimntity  of  water,  precipitated  with  excess  of  chloride  of  barium,  and 
M  abundant  gelatinous  precipitate  well  wnshe<l  and  dried.  The  trans- 
t«rant  brittle  mass  obtaincil  in  the  first  instance,  evolves  water  at  a  red 
beat,  and  undergoes  partial  fusion.  After  ignition  it  is  dissolved  with 
dilficulty  by  nitric  aciil,  and  is  insoluble  in  hot  water;  but  after  being 
Uiih-il  in  water  for  tome  hours,  it  begins  to  dissolve,  and  continues  to  do 
»o  with  increasing  facility — the  solution  containing  ordinary  inonophos- 
pLale  of  baryt.i,  and  giving  a  yellow  precipitate  with  solution  of  silver. 
(Graham,  J'ogy.  32^  03.)  W'a'tcr  holding  sal-ammomac  \n  so\uWv>v\  \vi<:» 
rot.,  tri.  \t 
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not  dtMoIre  it.     MaddrcU  prepared  thia  stlt  by  diasolring  oarboDftto 
hanrta  in  dilute  phosphoric  acid,  eraporating  to  dryness,  and  heating  *' 
nseidae  to  a  teiupciature  of  316''. 

Gnhom. 


B«0 
«PO* 


Ignited. 
76-6    -..     51-75 
7I-4     -     48-24 


a, 
52-04 
4;-96 


b. 

53-62 
46-38 


51-70 
48-20 


iM),sro>- 


148-0    ..  10000 


10000 


10000 


MO-OO 


TIm  alt  a  examined  by  Gialtaai  was  obtained  by  precipitating  withj 
lure  CXCM8  of  (ktanik  ofbariain;  tbe  salt  6,  by  asing  a  smaller  qoanti^ 
of  1^  ckleride;  in  tkis  case  tbe  liq^uid  remained  acid. 

^  TW  Mlt  is  abtained  ta  oUiqiie  rhombic  prisms  containing  2  i 
«f  water,  by  addit^  a  whitioa  of  I  part  of  the  soda-salt  in  10  or  15 
tt  wMer  to  a  nearly  ratotated  solution  of  S  or  3  parts  of  chloride 
fctiai     ilteiiu^  him  the  precipitate  formed  at  first — and  allowing  I ' 
claar  liamid  ta  tCaad  qaietly  for  some  time.  (Fleitmann  &  Uenueb 
^Mk  riarm.  9i,  S04.}  ^ 


Baitn7M   AXD  ScLPHtR. 

A.  Mttx<wn.Pfni»K  op  Barifm. — Formerly  called  nilphurft  of< 
1.  Sa^knretMd  hydrogen  is  passed  over  baryta  hoated  in  a  tube 
aa  water  is  formed.  (Berzelius.) — '2.    Powdered    sulphate   of  bi 
Aksilv'  rvd*e«d  by  hydrojwn  gas,  at  a  red  heal.    (Pagenstecher,  A\  Tr.  ] 
1.  2{i\  ^ — 3.  Salphate  of  baryta  is  heated  to  redness  with  charcoaL 

B«0.  SO>  +  4C  =  B.S  +  4CO, 

Whether  a  bright  or  a  low  red  heat  is  applied,  the  aqneons  solatia 
of  the  sulphide  of  barium  exhibits  a  pale  yellow  colour,  and  gives  wil 
acids  a  slight  precipitate  of  sulphur,  altout  the  same  in  quantity  in  boC 
cases.  (H.  Rose,  Po)/;/.  55.  537.)  Most  of  the  sulphate  of  baryta  is  rcduc 
by  thi.^  method  to  monosulphido  of  barium;  but  a  small  iK>rtion  of  polj 
sulphide  [ter  t]  and  caustic  baryta  is  produced, 

3(n«o.  Sty)  -  loo  =  2B«o  +  b«s>. 

a.  100  parts  of  sulphate  of  barytt  expn.aicd  to  a  strong  white  heat  in  I 
charcoal  rruciblo  yield  72  parts  of  sulphide  of  barium.  (Berthier.  Ant 
Chim.  Phjjt.  22,  231.)  -h  In  order  to  obtain  other  baryta  compoanj 
frMM  the  nntivi>i>ul|j|iate,  it  is  exposed  to  n  full  red  heat  with  about  ond 
foQrtb  its  n-eij;ht  »f  oliarco.il.  As  the  mixture  does  not  fuse,  the  hearj 
tfmtWUM  !«<<  iiiifly  J'ulverizcd  and  thoroughly  incorjKirated  with  the  cha 
eial ;  aa  addiliim  of  resin,  oil,  otarch,  &c.,  which  promotes  the  close  coa 


»»f  (h«  atoms,  is  of  service* 
a.   TW  mixture  i»  ignited  in  a  covered  cmcible  of  clay,  or  better, 
«M*.«fvMa.     The  heat  i*  continued  for  several  hours  till  cjirbonic  oxide 
kf^pse  MM|kM  hvm  the  mass.     lu  oj>eniting  on  large  quantities  a  pott 
«»  1(1*  ^MVM'l  Mtajrb*  need.    Berzelius  recommends  a  mixture  of  S  parts . 
iMnijo^iMs  \  fmn  of  olwreoal,  2  i)aris  of  resin,  and  2  jiarts  of  rye-meaL 

^^    *  ^  ~~ '  — •W4  it  to  fagat  the  ^MTf-apn  with  oue-Uiira  of  iu  weight  i 
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/*•  A  mixture  of  1  part  of  powdered  heavy-spar  and  \  pt.  of  clmrcoal  1 
—or  better,  tbe  soot  from  pit-coal — is  formed  into  slicks  by  means  of  »] 
JMMtc  nia<lo  with  |  pt.  of  starch.     When  the  sticks  are  dry,  a  furnace  ' 
!•   filled  a  foot   bi;,'h    with  burning   charcoal;    the  sticks  placed    on    it 
togetiier  with  fresh   fuel ;    the  whole  covered  with  more  burning  char- 
«•*!;  and,  as  soon  as  the  furnace  is  thorouglily  red  hot,  the  fire  is  covered 
OTi*r  with  ashes  and  brick:»,  and  tbe  furnace  closed.     The  sticks,  when 
are  found  to  be  converted  into  sulphide  of  barium.  (Liebig,  Ann. 
lit.  35,  11.5.)     Otto  {Ann.  /'harm.  26,  92)  surrounds  the  sticks  with 
A  suitable  furnace  for  the  purpose  is  described  by  Anlhon.  (J, 
;       LAtm.  8,  400.) 

y.  To  fuse  the  mass,  and  thereby  bring  about  a  readier  decomposition 
Of  tb«  sulphate  of  liaryta,  a  potash  or  soda  compound  may  be  added  to 
it*  mixture  of  heavy-spar  and  charcoal,  which  is  to  be  heated  to  redness 
1b  the  crucible.  ThJM  addition  occasions  no  inconvenience,  if  the  object  in 
view  L*  tu  precipitite  carbonate  of  baryta  from  the  sulphide  by  means  of 
earlwuute  of  sodu :  but  if  other  salts  of  baryta  are  to  bo  prepared  by 
■d<Jif?c)t(  of  hydrochloric  acid,  &c.,  repeated  crystallizations  are  required 
the  potash  or  soda  salt  mixed  with  the  solution.  Buchoix 
1,  31 U;  ignites  4  parts  of  heavy-spar  with  -^  (or  belter,  1)  part 
of  eiuuYsual.  and  I  part  of  common  salt.  Duflos  (Br.  ArcJi.  36,  275)  uses 
IS  parts  of  heavy-spar  with  3  parts  of  dry  sulphate  of  soda,  and  2  (or 
bolter,  3)  partt  of  charcoal.  The  sulphide  of  barium  obtained  by  either 
of  ili.".t.  iiii'thods  iii  dissolved  in  boiling  wsiter  and  tillered  from  uudccom- 
I'  '  y-hpar,  charcoal,  sul|iliide  of  iron,  and  other  impurities,  bt^foro 

o.^ ..;.»  ,.,.1  acid  to  form  any  particular  salt  When  powdered  sulphate  of 
baryta  free  from  iron  is  ignited  with  a  small  quantity  of  carbonaceous 
nailer,  the  Bolognian  phosphorus  is  oblaiucd  (I.,  193) :  this  substance 
niay  l>o  regarded  as  a  mixture  of  sulphide  of  barium  and  uudecomposed 
•olph.ite  of  baryta. 

Siilphitie  of  barium  prepared  according  to  method  3,  o,  is  white  and 
grey  in  some  places,  cohering  loosely,  and  of  a  crystalline  granular  form. 
(Berthicr.)  That  obtained  from  heavy-spar,  according  to  method  3,  b,  a 
and  6,  m  yellowish^  or  flesh-colouredj  probably  from  the  presence  of  sul- 
pbid«  of  iron. 


Bs 

CalcaUtion. 
68-6     81-09 

S 

160     18'91 

Ba,S 

84-6     10000 

■  of  barium  obtained  by  the  third  method,  a,  is  scarcely 

t  iiig,  and  detonates  imperfectly  with  chlorate  of  potash,  but 

I"  itli  nitre.   (Bertbier.)     When  vapour  of  water  is  passed  over 

•!  Iiaiium  at  a  red  heat,  hydrogen  gas  is  evolved,  and  sulphate 

<i  l.nneil.  (Regnault,  .^nn.  C'htm.  F/iyt.  62,  3S6.)     It  erolves 

►  '1  hydrogen   abundantly  when  decomposed  by  hydrated  acids, 

•y  nitric  acid  or  aqua  regia.  (Berthier.)     When  exposed  to  the  air, 

.iiromposed  by  the  action  of  water  and  carbonic  acid,  and  gives  off  a 

Baiform  and  rnntinuons  current  of  sulphuretted  hydrogen.     It  might  bo 

UefDl.  therefore,  tn  strew  this  substance  on  the  floor  of  the  apartments  of 

iaralida  to  whom  the  inhalation  of  sulphuretted  hydrogen  is  of  service. 

With  water,  mnnosniphide  of  barium   forms  baryta  and  double  aul- 

jtUiio  of  hydrogen  and  barium  : 

I.  8 
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olc,  tS 

rat  tx^^ 

'olve 


2BnS  +  HO  =c  BiO  +  BaS.nS; 
or  barjta  and  biliyJrosulphato  of  baryta : 

2BaS  +  2HO  =  BaO  +  EaO,  2H9. 

Tliis  result  is  deduced  from  the  following  experiments  of  H.  Rose  (Po 
55,  415):    If    sulphide  of  barium,  prepared    from   sulphate   of" 
and  excess  uf  cbarcoal  at  a  white  heat,  is  treated  niuo  times  iu  Euccessl^ 
■with  a  quantity  of  cold  water  less  than  sufficient  to  dissolve  tbe  wbol 
moss  being  digested  for  24  hours  each  time  in  a  close  vessel,  the  first 
solutions  are  pale  yellow,  and  when  treated  with  hydrochloric  acid,  evolve 
large  quantities  of  hydrosulphuric  acid,  together  with  a  precipitate  of  i 
phur;  they  also  evolve  abuudiince  of  h^'drosulphuric  acid,  when  treati 
with  sulphate  of  niangHnous  oxide.    They  therefore  contain  double  sulphi( 
of  hydrogen   and   barium  (bihydrosulpliato   of  baryta)  together  with 
polysulphidc  of  barium.     The  third  quantity    behaves  as  a  solution 
7nono.sulphidc  of  barium  (simple  hydrosulphatc  of  baryta)  containinjs^l 
slight  excess  of  hydrosulphuric  acid.    The  fourth  is  of  the  same  characti 
but  Contains  a  slight  excess  of  baryta.     This  excess  goes  on  contint 
increasing  in  the  fifth,  sixth,  and  seventh  solutions;  and  the  eighth 
last  behave  like  pure  baryta-water.     A  solution  of  sulphide  of  barium  | 
not  too  large  a  quantity  of  boiling  water,  kept  for  some  years  in  a  i 
percd  bottle,  deposits,  first  crystals  of  baryta,  then  scales  («)  which  ar 
mixture  of  crystallize<l  baryta  and  hydrated  monosulphide  of  barium;  . 
afterwards  double  six-sided  pyramids  (3)  containing  the  same  ingrediec 
but  much  richer  in  snl{>hide  of  barium.     The  mother-liquor  boiled  do^ 
8till  further  in  a  retort,  evolves  a  continuous  current  of  bydroaulphu 
acitl  gas,  and  on  cooling  deposits  hydrated  sulphide  of  barium  in 
form  of  a  white  powder  {a,  h,  c),  while  double  sulphide  of  hydrogen 
barium  remains  in  solution.  (H.  Rose,  J'ogff.  55,  415.) 

Htjdrated  Monofiilphide  of  Barium,  or  Mono-hydrosulphate  of  Bark 
— ^Vhite  powder,  becoming  yellow  spontaneously  when  kept  in  cl( 
vessels.  When  treated  at  once  with  a  quantity  of  water  sutGcient] 
dissolve  it  perfectly,  it  yicMs  a  solution  which  docs  not  evolve  hydros 
pburic  acid  when  niixcu  with  sulphate  of  niangnnous  oxide;  but  an  ius 
licient  quantity  of  water  extracts  double  sulphide  of  hydrogen 
barium  and  leaves  baryta  undissolved.  (H.  Rose.) 

H.  Rom. 


BiS 
fillO. 

Calculali 

....      84-6     

...       54-0     

ion. 

61-04     ... 
38-96     .... 

a. 

50-99     ... 

420a     .... 

0-92     ..., 

h. 

53-72     ..., 

41-82     .... 

4-46     ... 

6^ 

401 

BaO 

n 

BaS. 

6HO    

...     138-6     

10000    ... 

100-00     ... 

100-00     ... 

1 J 

The  three  specimens  examined  by  H.  Rose  were  mixed  witb  difl«r 
quantities  of  hydrated  baryta. 


Mij-turet  of  II yd  rated  Sulphide  of  Barium  wilA  HydraUd  Baryta. 

a.  Scaly  cryitah.    About:  4(naO.  lOHO)  -f  3  (BaS,  6H0).     Wh 
dissolved  in  hot  water,  they  yield  crystals  of  pure  barvta  on  cooling. 

/3.  DouhUnix  nideJ  j>;ir'amid*.     Bad,  loHO  +  3  (BaS,  CHO).    La 
transparent  and  colourless  crystals,  deeply  truncated,  so  as  to  form 
«ded  tables.  {Fig.  133,  H.  Rose.) 


PENTASULPHinES  OP  DARIUM. 


149 


CftlcuUtinn.  II.  Rnw. 

4IUO SOCl  ....  28-31  ....  26-36 

3B«S  253-8  ...  23-J6  ....  22  79 

58HO  522-0  ....  48-23  ....  50-83 


CnlculatioD.         H.  Rose 

BaO  76-6  ....  1315  ....  12-64 

3BaS 253-8  ....  4.H-58  ....  4414 

28HO 252-0  ....  4327  ....  4322 


a 1082  2  ....10000  ...10000 


/3 582-4  ....10000  ..100-00 


B.  HYDnATED  SCLPHTOE  OP   HyDROOEN  AND  BaRIUM,   Of   BlHTDRO- 

srLPUATK  OF  Baryta.  I.  Baryta-water  or  monosulpliido  of  barium 
reduced  to  a  paste  with  water  and  warmed,  is  saturated  with  liydro- 
ontpLuric  acid.  The  sulution  evaporated  out  of  contact  of  air,  and  cooled, 
jiolda  crystals  of  baryta  and  yellow  prisms.  The  remaining  liquid  is 
either  evaporated  in  vacuo,  whereby  white  opa<|uo  prisms  are  obtained; 
or  it  ia  mixed  with  alcoiiol;  filtered  from  the  hyposulphite  of  baryta  and 
■nlphur,  produced  by  air  contained  in  the  alcoiiol ;  and  cooled  dowu  to 
— 10  :  in  thin  manner,  colourlets  and  tranisparcut  four-siilod  prisms  are  ])ro- 
ducod. — 2.  Also  when  baryta  or  any  of  its  hydrated  compounds  is  allowed 
to  cry«t»llire,  together  with  sulphide  of  barium,  from  an  aqueous  solution 
of  monosulpliido  of  barium,  by  evaporation  in  a  relort  and  cooling,  and 
the  rcfidua!  liquid  (which  is  of  a  yellowish  colour,  from  the  air  not  being 
perfl^ctly  excluded)  further  evaj)onitcd  and  cooled,  a  crystalline  mass  of 
ooilblo  bulphidc  of  hydrogen  and  barium  is  obtained.  (H.  Rose.)  The 
oryiitals  cont;iiu  water,  which  they  lose  when  heated,  becoming  white  at 
the  eame  time.  When  cxpo.sed  to  the  air,  they  effloresce  and  turn  white, 
while  hyposulphite  and  suli>hale  of  baryta  are  formed.  In  a  retort,  they 
lose  their  water  of  crystallization  without  fusing,  and  then  evolve  liydro- 
•alphuric  acid  as  the  temperature  approaches  redness,  leaving  dark  yellow 
monosulphidc  of  barium,  which  becomes  white  as  it  cools.  An  afjueous  so- 
lution precipitates  chloride  of  manganese  with  evolution  of  hydrosulphurio 
Mid  gas.  (Borzelius,  Po(/i/.  C,  4J1.)  The  salt,  when  boiled,  evolves 
fcydroeulphuric  acid.  With  iodine,  it  forms  iodide  of  barium  and  free 
hydriodic  acid,  sulphur  being  set  froo.  It  is  insoluble  in  alcohol. 
(H.  Boec.) 

C.  Tersulphide  of  Barium. — If  8  parts  of  barj-taarc  ignited  with  C 
puts  of  sulphur,  1-78  parts  of  sulphur  arc  volatilized,  and  a  baryta  liver 
of  tulphur  remains,  from  which  water  dissolves  sulphide  of  barium, 
leaving  behind  2-8  parts  of  sulphate  of  baryta.  (Vauquelin,  Ann.  Cliim. 
P'""   a,   10.)    [8  :  «  —  1-78  =  70,  6  :  40-4;  so  that  1  atom  of  baryta  is 

i  with  2^  atoms  of  sulphur,  or  4  atoms  of  baryta  with  10  atoms  of 
cu.j  uur.] 

4B«0  +  lOS  =  SBaSS  +  BaO,  SO». 

If  :  1  tcraulphide  of  barium  is  heated,  (>r  viipour  of  water  pnsaed 

OTVT  t<  i  compound,  liydrosulplniric  acid  is  obtained  [and  sulphate 

of  l«rm  'J-  (Oay-Lussac,  Ann.  C/iitn.  Phys.  40, 304.) 

D.  Ili/Jrated  Penlasulphide  of  Barium  or  J/i/Jrosiilplilte  of  Da- 
r\i':i — Prepared  by  boiling  an  aqueous  solution  of  sulphide  of  barium  (or 

■  sulphide  of  hydrogen  and  barium,  which  then  evolves  sulphurettcti 
-'cn;  //.  Jioir)  witTi  sulphur.  Also  by  boiling  baryta-water  with 
ir;  but  in  this  case  hvjjosulpliito  of  baryta  is  produced  at  the  same 
/  Unreclius.)  It  forms  a  yellow,  bitter,  alkaline  and  caustic  liquid, 
.  when  evaporated  in  vacuo,  leaves  a  psile  yellow  amorphous  mass, 
drcom|>o8cd  in  the  Air,  with  deposition  of  sulphur  and  formation  of 
ilphitc  of  baryta. 
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E.  HyposuLPHiTi!  OF  Bartta. — CrystalliMS  gradually  in  needle*  fron' 
a  solution  of  6ulpLido  of  barium  exposed  to  the  air;  it  is  sli^Utlj  solulile 
iu  water.     The  crystAls  heated  in  a  retort  evolve  water,  Lydroaulnhoriej 
acid,  and  sulphur,  leaving  a  mixture  of  sulphide  of  barium  and  5ul|ilutt4j 
of  baryta.  (H.  Rose,  Pogrf.   21,  437.)      At  a  temperature  of  200' 
racuo  over  oil  of  vitriol,  they  lose  very  little  water;  but  at  170'  they  lo. 
6'14  per  cent.     The  residue  gradually  heated   to   reduess  in  a  jctorl 
still  yield*  a  small  quantity  of  water,  together  with  sulphur  (but  neitli 
Buluhurctted    hydrogen  nor  sulphurous  acid),  and  cakes  together  in 
yellowish-white   mass,   consisting    of  sulphate   aud   sulphite   of 
together  with  sulphide  of  barium.  (RammeUberg,  Pogg.  56,  300.) 


B*0 

HO.. 


CrfitallizeJ.  H.RMe. 

76-6     57-33  87-24 

480     35-93  3603 

90    674  6-73 


B«0.iS»0»  +  Aq 133-6     10000 


100-00 


5  F.  Pentathionate  of  Baryta. — BaO,  S'O'  +  IIO. — Soluble  in 
water.  Lenoir  obtained  definite  crystals  by  mixing  an  aqueous  solalioa 
with  strong  aloohol.  Transparent  silky  prisms,  which  change  within  l' 
liquid  to  largCj  well  defined  crystals.  IT 

G.  TETRATitiojiATE  OP  Baryta. — BaO,  S'O'. — When  hyposulphite  < 
baryta  is  diffused  through  water  and  iodine  added  to  the  liquid,  the  hyposii 
phitc  is  dissolved  till  the  quantity  of  tetrathionnto  of  baryta  formed  \ 
creases  to  such  an  extent  that  it  coparates  iu  flake.-?,  and  at  length  renders  t 
liquid  thick.  Strong  alcohol  takes  up  the  iodiile  of  barium  together 
the  excess  of  iodine  from  the  8eini-flui<l  mass.  The  tetrathionato  of  bar* 
remaininL'  in  the  form  of  j)owder  yields,  by  the  spontaneous  evaporatioi 
of  its  nqiicuu^  solution,  or  on  tlie  addition  of  alcohol  to  that  solution, 
beautiful  liydrated  ery-stiils.  Tlinse  are  drcouiposed  by  heat,  yielding 
water,  sulphur,  and  »<ulpliurousacid,  with  a  residue  of  sulphate  of  baryta. 
If  the  acid  of  the  salt  bo  converted  into  sulphuric  acid  by  passing  a  stream 
of  chlorine  g;ia  through  its  aqueous  solution,  the  precipitate  of  snlpliMt*' f-f 
baryta  so  formed  amounts  to  one-third  as  much  -as  that  produced  by 
nitrate  of  baryta  to  the  filtered  solution.  (Fordos  ii,  Gelis,  Compt.  li- 
15,  920.) 

H.  Tritiiionate OF  Baryta. — BaO,  S'O' -|-  2H0. — 1.  Free  trithionic  ' 
acid  gives,  with  baryta-water,  a  precipitate  soluble  in  a  large  quantity  I 
water  or  in  nitric  acid.  (Langlois.)     IT  2.  Obtained  in  brilliant  pla 
by  adding  alcohol  to  a  solution  of  carbonate  of  baryta  in  the  acii). 
salt  is  readily  decomposed,  with  separation  of  sulphate  of  baryta.  (Kosai 
Pogg-  74,  24U.)  H 

I.  Sulphite  op  Baryta. — Formed  by  passing  sulphurons  acid  I 
into  water  in  which  carbonate  of  baryta  is  diffused;  or  by  precipl 
ting  chloride  of  barium  with  sulphite  of  soda.  It  falls  down  in  r 
tasteless  needles,  and  crystallizes  from  a  solutiou  in  aqueous  sulphur 
ncid  on  evaporation,  in  hard  transparent  tetrahedrons  with  truncated  si) 
mils.  {Fig.  14.)  Scarcely  soluble  in  water.  (Fourcroy  ic  Vauquo' 
Jnn.  ('Aim.  24,  301.)  H  U  n\ay  be.  obtained  in  six-sided  pri*m»  ^ 
gently  LeaL'ntg  a  solution  of  baryCo,  vu  8\i\\>\\u.cuua -oaW -«^\.(ii  ^-vxd  leav 
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*  •<  ntt  for  eome  days.  The  cirstaU  contain  a  small  quantitj  of  water 
*>Oc!janicalIy  combined;  tbey  decrepitato  when  gently  heated.  (Mus- 
PnitL)  T 


B»0.. 

SCH _ 

Vita... 


CalcuUtion. 
76-6    ....     7053 
320     ....     29'47 


FouKToy  Sc 

«rzc1ias. 

Vauqaclin. 

Mnspntt 

69-74 

B9 

68-73 

29-Si 

39 

28-81 

1-42 

2 

2-46 

B«0,SO>    ....  108-6 


100-00 


100-00 


100 


10000 


K.  Hyposclphate  of  Bahata. — Hyposulphato  of  manganoos  oxido 

y  dpconiposeJ    by  baryta-water   (II.,    174),    or  by  aqueoiia  solution  of 

!iiJe  of  barium   in   eijuivalcnt  proj)ortion — tlicu  filtered  auJ  evapo- 

The  Slit  crystallines  at  high   tompcrutures  with   2  atoms,  and 

at  a  lower  temperature,  never  exceeding  5^,  with  4  atomu  of  water. 

m.  IFi/A  2  atom*  of  twter. — Shining,  four-sided  prisms,  terminated 
witb  scvenii  faces  (Gay-Lutwac  &  Welter),  and  apparently  belonging  to 
tilt"  obliiino  prismatic  system.  (Hoeren.)  Taste  bitter,  and  somewhat 
ri  u_-h.  The  cryt<tal8  are  permanent  in  the  air  ;  denrepilato  strongly 
V  li.  II  heated;  and  at  moderately  high  temperatures,  evolve  <J9003  j>or 
<■•  :it.  of  water  together  with  sulphurous  aci<l,  while  70-097   per  cent,  of 

■  ite  of  baryta  remains  behind.  (Welter  <fc  Gay-Lussac.)  At  8-14° 
-ulvea  in  7-17  parts  of  water  (Gay-Lussac),  at  18°  in  4-04  parts, 
&ud  At  100"  in  1-1  parts  of  water.     lusolnble  in  alcohol.  (Hcercu.) 


BaO  . 

MO 


Welter  & 

CalculadoD.  Gay-Lussac.  Heercn. 

76-6     46-0     4603     45-93 

72-0     43-2     43-41     43  31 

18-0     10-8     10-56     10-76 


BaO.SKi'  +  -iAq 166-6     1000     10000 


10000 


fi.  With  4  atoms  of  WaUr. — Large  crystals  belonging  to  the  right 
pfMiiiatio  sTHtem  {Fig.  44);  u  :  u  =  102'  and  78~';  a  or  a'  :  w  or  «'  = 
H.V.  (Heeren.)  v  :  u  =  101"  30',  and  78"  30';  o  :  «  =  145";  cleav- 
ogi-  I'll ni lie)  to  «.  (Walchner,  ScJuv.  47,  24.».)  It  effloresces  rapidly, 
lo*in;;  half  it«  water;  does  not  fuse  when  heated;  but  is  c^iu verted,  without 
change  of  form,  into  63'78  per  cent,  of  sulphate  of  baryta.  (Heeren, 
y<yy.  7,  172.) 

Calculation.  Herren. 

B»0     „ 76-6     41-50     41-88 

fc»0»    „..„,„ 72-0     39-00     39-49 

4IIO   _ 36-0    19-50     18-63 

B«O.S«0«  +  4Aq 184-6     100-00     100-00 

L.  Si'LPnATE  OP   Baryta.  —  a.     Monofuljihatr. — Found   native  as 

•>■"•-  sometimes  formed  from  Witherito  or  Baryto-calcite,  which 

My  been   converted   from  without   inwards   into  sulphate  of 

1  liiinger,    Poi/ij.   11,  376.)     Vapour   of  anhydrous   sultihurio 

'.  over  heated  baryta  is  absorbed,  the  temiierature  of  the  baryta 

■  '  '•■      'idcscencc.  (Bussy,  J.  I'harm.  10,  370.^     Baryta  nsos 

ii-e  in  contact  with  anhydrous  sulphuric  acid,  fused  at 

iiiiimmti);  ii    also  becomes  red-hot  when  mixed  with  oil  of  vitriol 

,Ann.  I'hiL  18,  77^;  only,  liowovor, when  V\ic  o'\\ ol v\\,uv>\ <yjm\«\» 
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of  one  atom  of  acid  with  a  little  more  or  a  little  less  than  one  atom  i 
■water.  (Kulilmaiin.)  Oil  of  vitriol  of  specific  gravity  l'S48,  wliich  contaia 
exactly  one  atom  of  water,  <locs  not  combine  with  baryta  at   ordinal; 
tenijieraturcs;  but  if  the  baryta,  when  moistened  with   the  oil  of  vitrio 
bo  touched  at  any  point  with  a  hot  iron,  or  a  wet  glass  rod,  combiuatio 
immediately  commenccj  at  that  point,  and  is  propa^tcd  throughout  tt 
mass:  the  eame  occurs  on  exposure  to  moist  air.     The  fame  oil  of  vitr' 
previously  mixed  with  a  small  quantity  of  water  and  cooled,  immediate 
unites  with  the  baryta  with  incandescence:  if  the  water  is  in  larger  prop 
tiou,  the  latter  effect  does  not  take  place.  With  baryta  which  ha«ab&orh 
water  from  the  air,  pure  oil  of  vitriol  behaves  as  above.     Even  when 
acid  is  mi.\cd  with  a  quantity  of  water  sufficient  to  make  it  combine  wii{ 
the  baryta,  it  remains  without  action   on  that   substance,  if  previonu" 
mixed  with  alcohol,  ether,  or  wood  spirit.   (Kuhlmann,  Ann.  Pharm.  i\ 
22.)     Sulphuric  acid  and  its  salts  precipitate  sulphate  of  baryta  from  tk 
aqueous  solutions  of  all  baryta-salts.     The  cr3'stalline  sj'stem  of  heavy- 
is  the  right  prismatic  {Fig.  43,  61,  and  many  other  forms) ;  u'  :  u  =  101' 
32^';  p  :  i  =  127'  5',  and  so  on;  planes  of  cleavage  parallel  to  p,  «'  and  u. 
(Hauy.)      The   arti6cial   sulphate   has    the   form    of  a   white    ]K)wde 
Sj>ecific  gravity  of  the  native  sulphate  =  4-446.   (Mobs.)     Fuses,  accor 
ing  to  Saus.sure,  at  35^  Wedgwood  to  a  white  enamel.     Tasteless, 
not  poisonous. 

CalcnlatioD.  Foanroy.       Berzelioa.     Kliproth. 

BaO   .„ 76'6     ...     63-695     ....     C5-22     ....     65-643      ...     66-7     ....     67 

SO* 40  0     ....     H4-305     ....     34-«8     ....     34-357     ...     33-3  88 

B»0,  SO«  116-6     ....  100000     ....  10000     ....  100000     ....  1000    ....  lOO^J 

Clem.  «c  ^H 

Withcriag.    Bucbolz.       Drsorm.       Ricfatcr.  Tbcnard.     Cbnievi^^l 

BbO   67-2     ...     67-5     ....     67-82     ....       69     ....  74-82     ....     ;6-&^H 

S0»    32-8     ....     32-5     ....     3218     ....       31     ....  25-18     ....     23-5 

B»0,  SO*  100-0     ....  100-0     ....  100-00     ...     100    ....     10000     ...    1000 

By  ignition  with  charcoal  it  is  converted  into  sulphide  of  l>arium,  with 
evolution  of  carbonic  oxide  and  hydrogen  gases;  by  ignition  with  bisulpliide 
of  carbon,  into  sulphide  of  barium  and  carbonate  of  l>aryta;  by  fusion,  i 
less  perfectly,  by  boiling  with  carbonate  of  pot.ni<h  or  <-oda.  into  carbona 
of  baryta;  but  the  decomposition  is  only  partial:  in  the  cold,  the  effect  j 
reversed.  {Vid.  Klaproth,  lieitriifje  2,  70  and  73, — Dulong,  .4ri)i.  Chit 
82,  273,— Phillips,  .SW/w.  2 J,  200,— Kiilreufer,  Mag.  Phnmi.  8,  181.)- 
Accordiug  to  John  {Schw.  14,  412),  it  is  completely  decomposed  whfl 
boiled  down  with  a  sidution   of  potash  and   then  fused,  yielding  bar 

and   sulphate   of  puta-sh.       Fused    with   chloride   of   calcium,   it    forn 

clilorido  of   barium   and   sulphate    of   lime   {Sch.  52);  whereas  chlorido 
of  barium   and  ^ulpliatp  of  lime   in  solution,    form  chloride  of  calcium 
and    sulphate    of   baryta.       Sulphate   of    baryta   requires    43.000    parts 
of  cold  water  for  solution;  it  is  not  much  more  soluble   in  hot  or  acidu- 
lated water.     Neither  is  it  perceptibly  soluble  in  water  containing  sal- 
ammoniac  or   common    salt.  (Brett,  Wittstein,    Wackenroder.)     When 
baryta  is  precipitateil    from  an  aiptcons  solution  by  sulphuric  acid  or  a 
sulphate,  the  sulphate  of  bnr3'ta   often  carries  down  with   it   other   sul 
stances  contained  in  the  liquid;  and  these  sulistances  cinuot  be  totally  seji 
rated  by  washing.    If  the  solution  contains  nitrate  of  .soda,  the  precipitat 
after  being  completely  washed, still  retains  2  percent,  of  this  salt;  this,  hoi 
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*vcr,  is  decomposed  by  exposure  to  a  red  lieat,  after  vrLicli  the  soda,  may 
wdi«8ulved  out  by  wtitcr;  nitrate  of  baryta  also  (but  uot  the  cbluritle) 
1  Qirriod  duvrn  in  considerable  quantity  wilh  the  sulphate,  but  can  be 
•''lirited  by  washing  with  water.  (Mitscherlicb,  Pogg.  55,  214.)  Chlo- 
fiJc  of  magnodum  also,  as  well  as  the  oxides  of  iron,  cobalt,  copper,  ic. 
fii  with  the  sulphate  of  baryta  thrown  down  by  mixing  sulphate  of 
BUi'iiwia,  &c.  wiih  chloride  of  barium.  (Berzelius,  Ann.  C'Idm.  Fki/».  14, 
ili.)  Sulphate  of  baryta  may  be  fused  with  chloride  of  sodium  or  chlo- 
ride of  barium.  (Berthier.) 

h.  Acid  Sulphnte. — The  neutral  salt  dissolves  in  oil  of  vitriol;  groups 
of  needles  crystallize  from  the  solution.  Water  decomposes  them  into 
timule  eulpbato  of  baryta  which  falls  to  the  bottom,  nud  dilute  sulphuric 
•cid. 

M.  SrLPHtDE  OF  Carbon  and  BAjiinM  and  HYnRo-srirnocAnnoNATE 
OF  BAnyxA. — Crystallized  monohydrosulphale  of  baryta  rapidly  combines 
»■  hide  of  carbon,  producing  a  Itmon-yellow  uncrystnllizable  salt. 

1  -ulved  with  ditiiculty  by  water,  forming  a  liijuid  of  a.  brownish- 

yellow  culour,  which,  when  mixed  with  more  water  (probably  from  the 
air  it  contains),  passes  into  red.  The  solution  evaporated  in  vacuo  leaves 
small,  pale-yellow,  transparent  crystals.  A  drop  of  water  suffered  to  fall 
on  these  crystals  produces  after  some  minutes  a  red  colour,  which,  however, 
on  drying,  again  changes  to  a  pale  yellow.  (Berzelius.) 


Baihum  and  Selenium. 

A.  Selenide  of  BAnu'M. — Formed  by  exposing  eeleniato  of  baryta 
»t  A  red  lii-at  to  a  current  of  hydrogen  gaa.  Soluble  in  water,  (Ber- 
scliut'.) 

B.  Hyproselenite  op  Barvta. — Ilydroselenite  of  potash  produces 
«ritb  baryta-salts  a  flesh-coloured  precipitate,  from  which  acids  separate 
Mknium;  but  no  selenium  is  evolved  at  a  red  heat.  (Berzelius.) 

C.  Selenite  or  BAiiyTA.  —  a.  Monotdenite .  Sclenious  acid  pro- 
Jiices  no  precipitate  with  solutions  of  baryta,  which  at  once  distinguishes 
it  from  kulphurous  acid.  (Muspratt.) — Prepared  by  precipitating  chlorido 
of  barium  with  simple  selenite  of  potash.  White  powder,  which  seems 
in  contain  no  water,  docs  not  turn  reddened  litmus  blue.  Infusible  at 
till-  melting  point  of  glass.  Insoluble  in  water,  but  dissolved  by  selenious, 
livdrochloric,  and  nitric  acids.  (Berzelius.) — H  When  neutral  selenite  of 
piitikfli  is  adited  to  uitratc  of  baryta,  decomposition  takes  place,  and  selo- 
Bito  of  baryta  is  deposited  in  delicate,  shining,  plumose  crystals.  (M  us- 
|>mtt.)  If 

b.  Bitehnitt. — Prepared  by  dissolving  carbonate  of  baryta  in  aqueous 

mU iiioue  acid.     If   the  liquid  contains   no    excess   of  acid,  it   yields  on 

iiieon*  evaporation  an  opaque,  white,  granular  mass  of  crystals;  but 

quantity  of  acid  is  somewhat  greater  than  2  atoms,  rounded  gmins 

iiTntric,  fibrous  texture  arc  formed  on  evupor.ation.    AV'ater  dissolves 

lit  with  difficulty;  nevertheless  the  solution  deposits  it  but  slowly  on 

<v!i|..,nition.     Ammonia  precipitates  the  salt  it  from  the  li(|uid.  (Ber«o- 
'•      1     At   high    temperatures   it   evolves   water    and    white    fumes  of 
w,ua  acid.  (Muspratt.) 
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BaO    

BAniUM. 

Salt  a. 

..„.    t«-B    W-7 

66-0    42-8 

Bendina. 
.-...,.      S7-93 

BnV  

42-07 

B«0.8e05... 
B«0    

....  132-6     100-0 

Salt  b. 

...„    76-6    40-6 

112-0    S9-4 

100-00 

Bentclioi. 
4018 

2SeO» 

59-52 

BaO,  aScO^ 

....  188-6     100-0 

100-00 

D.  Seleniate  of  Baiiyta. — At  a  low  red  heat,  at  which  the  8ulphM«_; 
remains  uucbangetl,  this  salt  is  reduceil  by  hydrogen  gas  to  selenido  ( 
barium,  often  with  incaudcsccncoj  the  mass  remains  unchanged  in 
peiirance. — Imperfectly   decumposed   by  sulpharic  acid.     It  is    as  lit 
eoluble  in  water  as  the  sulphate  of  baryta.  (Berzelius,  Fogg,  32^  11.) 


Bakiith  akd  Iodikb. 

A.  loDiDB  OF  Barium. — Formed  when  hydriodic  a«id  gas  is 
over  baryta  at  a  rod  heat,  the  combination  being  attended   with  emissifl 
of  light.      Monosulphide  of  barium  dissolved  iu  water  is  mixed  with 
saturated  alcoholic  solution  of  iodine  [iodine  without  the  alcohol  might  " 
preferable],  as  long  as  a  precipitate  of  sulphur  is  formed;  the  colourl 
filtrate  is  boiled  rapidly — bo  as  to  prevent  the  action   of  the  air — almi 
to  dryness;  the  mass  dissolved  iu  a  small  ijuantity  of  water;   filtei 
quickly;  and  the  filtrate  evaporated   to  dryness  in  as  short  a  space 
time  as  possible  in  a  glass  flask.  (0.   Henry.)     White;  infusible  (Gaj 
Lussac);  greyish-white,  consisting  of  needles.  (Henry.)     Heated  out 
contact  of  air,  it  is  not  doconi]i(ised:  but  when  the  air  is  admitted. 
Bait  is  converted  into  baryta  and  vapour  of  iodine.  (Gay-Luseac.) 


Ba 
I..., 


Calculation.  O.  Henry. 

68-6     35-25     3517 

126-0     64-75     04-83 


Ba.1 


194-6     100-00     100-00 


Iodide  of  barium  dissolves  very  readily  in  water,  but  does  not  delJ 
qucsco  in  the  air.  (Gav-Lussac.)  It  is  very  deliuuescent.  (0.  HenryJ 
The  aqueous  solution  yields  on  evaporation  and  euo$equent  cooling  ver 
fine  needles  of  hj/d ruled  iodide  of  hnriuin  or  hydriodnte  ofbaryfii.  Win 
exposed  to  the  air  it  is  converted  into  hydrioditc  of  baryta  with  precit 
tatiou  of  carbonate  of  baryta.  (Gay-Lussnc.)  Iodide  of  barium  is  al 
easily  dissolved  by  alcohol.  (0.  Henry.) 

According  to  Gay-Lussac,  iodide  of  baryta  is  formed  whon  v^ioa 
of  iodine  is  passed  over  buryUi  at  a  red  heat. 

B.  Iodate  of  Babyta. — 1.  Precipitated  whon  iodine  is  dissolve 
in  baryta-water,  iodide  of  barium  remaining  in  solution.  (Gay-Lussac.J 
2.  Aqueous  solution  of  torchloride  of  iodine  is  saturated  with  carbonate 
of  baryta  [or  baryta- water],  and  the  precipitate  well  washed.  (Oro 
snurdy,  J.  V/iim.  Med.  9,  428.)  .3.  A  concentrated  solution  of  chlorid^ 
of  barium  is  precipitated  by  a  solution  of  iodate  of  soda.  (Ramniolsberg.] 
The  insoluble  salt  is  wa.«hed  with  cold  water.  In  combination  wit' 
water  of  crystalliz&tioa  it  forms  a  white  graDiils|^|         '0»y-Lue 
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in  small  onrstals  from  solution   in  hot  nitrio  acid,  on   cool- 

it  DB    the  addition    of  ammonia.  (Rammelsberg.i     Tlie   water   of 

itlon   escapes   at   a   temperature   below    200  .       Heated    more 

*fongly  in   a   porcelain    retort,    vapour  of  iodine  and  oxygen  gas  are 

I'VoItcJ,  and  a  residue  is  obtained,  consisting  of  46'973  per  cent,  of  + 

*«riodate  of  baryta.  (RammcLsberg.) 

5(B»0,  IO»)  =  5BbO,  IO'  +  41  +   180. 

1  does  not  detonate  on  red-hot  charcoal,  but  sometimes  exbibit.s  phos- 
Borescence.  (Guy-Lussac.)  Hydrochloric  acid  dissolves  it  readily,  even 
■  the  cold,  the  lii^uid  uasuniing  a  dark  yellow  colour,  (probably  arising 

m  ihe  formation  of  a  double  chloride  of  iodine  and  barium,  Fifkol,)  and 
rolviitg  chlorine.  It  dissolves  with  difficulty  in  warm  nitrio  acid, 
^ammelsbcrg.)  It  is  soluble  in  3-333  parts  of  water  at  18',  and  in  625 
Tts  of  boiling  water.  (Gay-Lussac.)     Dissolves  in   174G  parts  of  water, 

lb",  and  in  GOO  parts  of  boiling  water.  (Rammelsburg.) 


BaO 
10«  . 


Anhydrous. 

7fi-6     31-57 

166-0     68-43 


BftO,IO<    242-( 


B»0 

io»... 

HO  . 


CrTStallixed. 

76-6     30-45) 

166-0     6a-98;  -■ 

9-0     3-57     .... 


100-00 

Rtunmehbcrg, 
...     9604 
...       S-96 


B«0,  IO»  +  UO  ....  251-6    10000 


10000 


C.  Periodate  of  Baryta. — When  a  mixture  of  iodide  of  barium 
nd  jwrosidc  of  barium  is  exposed  to  a  low  red  heat,  a  considerable  ijunn- 
Itvofperiodu to  of  baryta  isformeil.  (Rammolsberg.) — n.One-jifih  periodate. 
-Remains  after  heatinj,'  the  iodate  of  baryta  to  redness.  It  is  freed  from 
6c  io<lide  of  barium  sometimes  present,  but  never  exceeding  one  ])or 
But.,  by  washing  with  wati:-r.  Heated  in  a  current  of  hydrogen  gas,  it 
omcs  itrougly  ignited,  emilting  a  greenish  light  and  fusing,  and  is 
olvod  into  water,  iodide  of  barium,  and  free  liaryla ;  part,  however, 
rmaine  undecompose<l,  even  after  long  continued  ignition.  .Soluble  in 
^Iric  acid,  but  not  in  water.  (Rammelsbcrg.) 


CalcolBtion. 

Or: 

CoIeulatioD. 

Ramrai'lnlicrj, 

&B«0 

...     383     ....     67/9 

5Ba    

...     343     ....     60-71 

....     60-07 

lOf 

...     182     ....     32-21 

I 

...     126     ....     22-SO 

....     21-83 

I20   

...       96     ....     16-99 

....     18-10 

atteO,  IC      565 


100-00 


665 


100-00 


100-00 


b.  Tuio-JIfih*  ptriodate. — 1.  Formed  by  precipitating  nitrsto  of  baryla 
rilh  monopwriodute  of  soda.  The  sujieruatant  liquid  becomcji  acid. 
[Bencki«or,  Ann.  Pharm.  17,  254.)— 2.  By  mixing  a  salt  of  Iwryta 
Irilh  diperiodato  of  *oda  diKSolved  in  nitric  acid,  and  precipitating 
be  solution  by  ammonia. — 3.  By  precipitating  tlio  solution  of  a 
nitric  acid  bv  ammonia.  Yellowish  precipitate  containing  water, 
^hiob  is  cxpelfcd  at  a  temperature  of  LiO".  Converted,  for  ilio 
gt  i>art.  even  below  IOC,  into  iodato  of  baryta.  (Ranimelsberg, 
I     Not  solublo  in  water,  but  easily  soluble  in  weak  nitrio 
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BARIUM. 


&B*0.. 
210?.. 


Anhydrooa. 

383    51-27 

364     _     48-75 


5BaO,2IO' 747 


100-00 


Hydratcd.  RammeljlKTg. 

SB«0    383     ....     48-36  ....     48-23 

2IO' „ 364     ....     45-96  ....     4669 

5HO 45     ....       5-68  ....       508 


SBaO.2107  +  5Aq 792 


100-00 


10000 


Bahium  and  Bromlne. 

A.  Bromide  op  Barium. — Formed  by  neiitrnlizing  aqueous  liydro- 1 
broniic  ncid  witb  baryta-wator  or  carbonate  of  baryta    (Balanl);  or  by 
decomposing  sulpliido  of  barium  dissolved  in    water  with    liydrobromio 
acid    (Lbwig),   evaporating   the   eoluliun   to   dryness,   and  igniting    iLo 
residue. 

Bromide  of  barium  dissolves  easily  in  w.ater,  and  gives,  on  evaporation 
and  subsequent  eoolinjr,  crystals  of  bihydrated  bromide  of  barium,  or 
mono-lii/J rated  hydrohromute  of  baryta.  They  arc  transparent,  colourless, 
rhombic  tables,  isinnorphous  w-ith  those  of  chloride  of  barium,  and  per- 
manent in  the  air;  their  edges  are  replaced  by  the  faces  of  a  rhouiUio 
octohedron.  (Rammolsberg,  Fogg.  55,  237.)  Slender  needles  united  in 
opaque,  warty  mas.ses,  fuhing  wheu  heated.  (Bahird.)  Tastes  like  chloride 
of  barium,  but  rougher.  Carbonic  acid  pa.ssed  through  an  aqueous  solution 
[containing  air?]  colours  it  yellow,  from  formation  of  hydrobromito  of 
baryta,  carbonate  of  baryta  being  precipitated.  (Lowig.)  Bromide  of 
barium  di-ssolves  readily  in  absolute  alcohol,  in  which  the  chloride 
M  insoluble.  (HUnefeld,  Piria,  J.  C/tem.  Med.  14,  65.)  In  this  way, 
bromine  may  bo  separated  from  chlorine.  (0.  Henry,  J,  Pharm,  28,  214.) 


Ba 
Br.. 

Anhydrous. 

68-6     46-67 

.....     78-4     53-33 

BaBr 

Ba. 

Br 

1470     ... 

CrystaUiied. 
147     ....     89-09     .. 

IB     ....     10-91     .. 

lOOOO 

Rammelsberg, 

88-68     

11-32     

Lowig. 
94 

2HO 



6 

BaBr.  2Ai 

n 

165     , 

...  10000    .. 

100-00     

..    100 

B.  Hypobromite  op  Baryta? — By  dissolving  a  small  quantity  of 
bromine  in  baryta-n-nter,  a  colourless  liquid  is  obtained  which  deposits 
but  little  bromate  of  baryta,  and  ivlion  evaporated  in  vacuo,  deposits  yel- 
low crystalline  scales,  which  heat  bibulous  paper  on  whit-h  they  arc  phiced 
to  dry,  to  such  a  degree  that  it  tuke.-t  tire.  The  liquid  soon  loses  its 
bleaching  properties  when  exposed  to  light  or  heat,  also  on  the  addition  of 
an  excess  of  bromine,  which  produces  an  abundant  precipitate  of  broniato 
ofbaryta.  (Balard.) 

C.  BnoMATF.  OF  Baryta. — 1.  Formed  by  mixing  baryta-water  with 
excess  of  bromine.  Broniato  of  baryta  fulls  down,  bromide  of  barium 
remaining  dissolved.  (Liiwig.)  2.  By  mixing  baryta-water  with  chloride 
of  bromine.  (Balard.)  3.  By  precipitating  chloride  of  barium  (lissolvcd 
in  a  small  quantity  of  water,  by  a  solution    of  bromate  of    potash. 
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(Lowig.)  100  parts  of  bromatc  of  potash  are  dissolved  in  one  portion  of 
boilins  water  and  74  parts  of  crystallized  chloride  of  barium  or  160  parts 
of  aohydrous  acetate  of  baryta  (wliidi  is  to  be  pn-ferred  on  account  of  tlio 
ease  with  which  the  acetate  of  potash  can  bo  washed  out),  in  another  por- 
tion,and  the  two  solutions  are  mixed.  (Raniinelsberg.) — Needles  (Balard); 
rcctanjiular  prisms,  with  truncatcil  edges.  (Rammelsberg.)  The  crystals 
do  not  lose  all  their  water  till  they  are  heated  above  200"*.  When  more 
strongly  heated,  the  residue  is  at  once  resolved,  witli  violent  escape  of  gas 
and  formation  of  flame,  into  oxygen  gas  and  bromide  of  barium,  without 
previous  formation  of  a  pcrbromate  of  baryta.  (Rammelsberg.)  Deto- 
nates on  ignited  charcoal  with  a  greenish-coloured  flame.  (Balard.)  Oil 
of  vitriol  or  hydrochloric  acid  decomposes  it,  with  separation  of  bromine. 
Soluble  in  130  parts  of  cold,  and  in  24  parts  of  boiling  water.  (Kammels- 
berg,  Pogg.  52,  81  and  8G.) 

Anhydroo!. 

BaO 76-C     39-28 

UrO» 118-4     60-72 


BaO,  BrO*  195-0 


100-00 


Cr}'9tallized.  Rammelsberg. 

BiiO    76-6     ....     37-35  37-56 

BrO'   118-4     ....     5804  58-0:» 

UO 9-0     ....       4-41  4-41 

B«0,BrO<  4-  Aq 204-0     ....  10000  100-00 


Baridm  and  Chlorine. 


A.  CiiLoniDE  OP  Bariu.m. — Baryta  heated  in  chlorine  gas  is  con- 
verted into  chloride  of  barium,  with  scprinition  of  a  half-volume  of 
oxygen  gaa  (H.  Davy);  heated  iu  liydrochloric  acid  gas,  it  is  rapidly 
converted  into  fused  chloride  of  Iciriiiiii,  with  evolution  of  heat  and  a 
reddish  light,  water  being  formed  at  the  same  time.  (Chevreul,  Ann. 
Chim.  84,  285.)  Baryta  emits  light  ivheii  hydrochloric  aciil  is  dn)p|)cil 
Upon  it  in  the  dark.  (Heinrich.)  Cliluridc!  uf  Imrium  is  obtained  in  the 
anhydrous  state,  by  heating  the  hyilratcd  chloride  or  hydrochloratc  of 
buryta  to  redness. 

White  mass,  fusing  at  a  full  red  heat,  and  tr.inslucont  after  .solidifica- 
tion ;  sp.  gr.  =  3-7037  (Karsteii),  38  (Ricliter),  3-86  to  4-15(i.  (Pol. 
Boullay.)  Tastes  bitter,  sharp,  and  unpleasant;  excites  nausea,  and  acts 
on  the  system  as  a  strong  poison.  Heated  by  itself,  it  does  not  becomo 
klkoJinc  till  after  fusion ;  but  when  heated  in  aqueou.-i  vapour  it  becomes 
iilkaliue  below  the  melting  point,  and  evulve.s  hydrochloric  acid.  (E. 
Kraus,  /Ax/;/.  43,  140.)  IJy  ignition  with  sul]ihur  it  is  partly  converted 
jiilo  sulphide  of  barium.  (A.  Voffel,  Schw.  21,  72.)  In  tlio  state  of 
solution,  nitrate  of  potash  or  soda  decomposes  it  by  ilouble  ntfinity. 
(Knrsten.)  It  is  not  decomposed  at  ordinary  temperatures  b^  vapour  of 
atihydrous  sulphuric  acid.  (H.  Rose,  Poyg.  38,  120.) 


B«  

Calculation. 
68-6     ....       60 

Turner. 
65-984 

CI  

...       35-4     ...       .'U 

34016 

B».  CL 

...     lOl-O     ....     100 

....       100-000 

K                                                                            -.»«..— 

" 

^m 
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I 

Or: 
B«0  .^„„„„ 
MaO« 

CaleuUtton.              BemUia.      Td.  Row. 
.      766    ....      ?3-7    —      73-63    ._      75-69    ._. 
27-4     ....       26-3     .._      26-37     ....       24-31     .... 

Knmk. 
76-t 
23-8 

BaO.MuO*  .. 

.     J04-0     ....     1000     ....     10000     ....     10000     .... 

1000 

Bi-k^lrated  Chloridt  of  £arium,  oi'Mono-hi/diizied  HydrocUoratt 
Baryta. — Tei-ra  pondtroia  talita. — Fused   cLloriilo   of  Itariam 
opaquQ  in  the  air  from  absorption  of  water ;  1 00  parts  beated  to  redn 
but  not  fused,  gain   from  the  air  in  a  few  days  17'49  per  cent.  (2  At.^ 
water.  (Von   Bliicher.)     The  combination  of  chloride  of  barium   witli 
water  is  attended  with  rise  of  temperature. 

Preparation. — 1.  By   decomposing   aqueous   solution   of  sulphide 
barium  witli  hydrochloric  acid.     A  filtered  solution  of  sulphide  of  bari 
(III.,   147)   is   mixed  with   hydrochloric  acid  till  the  yellow  colour  di 
apfiears  and  the  licjuiJ  .strongly  reddens  litmus;  it  is  then  boiled  for  soi 
time  in  a  porcelain  basin,  to  drive  off  all  the  sulphuretted  hydrogen,  and 
Condense  the  sulphur — which  would  otherwise  pass  through  the  filter 
then  filtered,  evaporated,  and  cooled  till  it  crystallizes. — 2.   By  saturati 
hy<lrochloric  acid  with  carbonate  of  baryta.     For  this  purpose,  either  tl 
native  carbonate  or  the  artificially  prepared  carbonate  is  used.    The  latt( 
is  obiaiuod  either  by  the  method  already  described  (III.,  139,  2  and  3), 
by  bdilin;;  1  part  of  finely  jKiwderod  heavy-epar  for  some  hours  with  1  j 
2  parts  of  oiirbonato  of  potash  dissolved  in  water      It  is  better,  bowcvi 
to  fuse  it  with  carbonate  of  pnta.sh.     In  both  cases,  part  of  the  heavy-«|i 
is  det'oni posed,  but  by  no  means  the  whole,  even  when  the  carlMjnatc 
potn.<h  is  used  in  hirgc  excess.     The  products  are  carbonate  of  bar^-ta  an< 
sulphate  of  potash.     Th«  mass  is  thorouj^hly  washed  with  boiling  watei 
which  takes  up  the  sulphate  and  carbonate  of  potash  ;  if  cold  water  wo 
used,  the  carbonate  of  baryta  would,  according  to  Kolreuter'a  experimen 
be  again  converted  into  sulphate.     From   the  powder,  after  exliaustioi 
with    water,   hydrochloric  acid  withilniws  the   burj'ta  which   is  in  union 
with  carbonic  acid,  leaving  the  undeconiposed   sulphate  l>ehind.     As   the 
heavy-«par  is  not  usually  free  from  oxide  of  iron,  this  substance  ente 
into  the  solution,  and  must  be  separated,  either  by  evaporation,  ign 
tion,  solution,  and   filtration — or  by  boiling  the   liquid  with  an  ex 
of  carbonate  of  baryta — or  by   mixing   baryta-water  with  it. — 3.   Two' 
parts  of  poundeil   heavy-spar  are  fused  with  1   part  of  chloride  of  cal- 
cium,-   the  mass,    after   being   poured   out   aud   solidified,   is   powdered, 
and   quickly   dissolved   in  0  times   its   weight  of  boiling  water;    »ni' 
the  solution  of  chloride  of  barium  rapidly   filtered   from  the  gypsu; 
(Von   Driessen.)    {Sck.    62.)     The   fusion    is   performed   in    an  earth 
crucible  heated   in   a   powerful  wind -furnace.     When   water   is  add 
the   ftttinitics   are   reversed, —  the   chloride   of  barium   and   sulphate 
lime    being   again    resolved    into    chloride  of  cjvlcium    and   sulphate 
baryta;  hence  the  solution  of  the  chloride  of  barium   must  be  filtered 
quickly  as  possible  from  the  sulphate  of  lime.    The  powdered  mass  should 
therefore  bo  thrown  into  an   iron  vessel  containing  water  iilreailv  boiling, 
and  the  liquid  immediately  poured  upon  a  filter  of  linen  or  other  mnterii 
■which  allows  it  to  pass  through  rapidly.     The  filtrate  always  contains 
chloride  of  calcium,  mixed  with  the  culoride  of  barium ;  and  this  salt] 
remains  in  the  mother-liquor  after  the  chloride  of  barium  has  crystal 
lized  out.     The  crystals  of  chloride  of  barium  must  be  separated  from 
it   either   by   re-crystallization   or   by   washing   with  alcohol.     By  the 
improved  process  of  Dufios^  those  ditUcultios  ore  obviated  {Hchw,  65,236), 


I 
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Aa  intinule  mixture  of  SO  parte  of  finely  divitled  hoary-spar,  18  parta  of 
chloride  of  calciain,  and  7  parta  of  charcoal  (or,  according  to  hw  more 
recent  process,  4  parts  of  heavy-spar,  2  parts  of  chloride  of  calcium,  and 
1  part  of  lainpbiack)  arc  ignited  in  a  crucible  aa  long  as  flames  of  carbonic 
oxide  are  seen  to  proceed  from  the  semi-fluid  mass.  It  is  then  ficrape<l 
out  with  an  iron  spoon,  powdered  fine,  boiled  with  10  parts  of  water,  and 
filtered.  The  Kulpbate  of  lime  is  converted  by  the  charcoal  into  sulphide 
of  calcium,  and  thus  the  decomposition  of  the  chloride  of  barium  is 
prevented.  The  quantity  of  chloride  produced  this  way  is  nearly  eijual 
to  that  of  the  heavy-sfiar  used.  The  chloride  of  calcium  may  be  dissolved 
in  water  and  evaporated,  the  solution  mixed  with  the  powdered  sulphate 
of  baryta  and  lampblack;  evaporated  to  dryness,  with  constant  stirring, 
in  an  iron  vessel;  and  the  residue  put  into  the  crucible.  (Dufloa.)  Mit»- 
chcrlich  adds  iron-llliiigs  in  addition  to  the  carbuu. 

The  salt  is  |)urificd  by  ro-crystallization,  sometimes  also  by  exposure 
to  ft  red  heat  and  treatment  with  alcohol. 

ImpuritU$, — Chloride  of  StronUum:  inasmach  as  several  kinds  of 
Leavy-spar  contain  small  quantities  of  sulphate  of  strontia;  separated  by 
means  of  alcohol. — Chluride  of  Calcium  :  sometimes  present  in  the  heavy- 
#par,  or  originating  from  the  method  of  prep.-vruliun  (in  the  third  method, 
for  inst.iuce);  likewise  removed  by  alcohol.  Both  chloride  of  strontium 
and  chloride  of  calcium  colour  the  flame  of  alcohol  red;  hut  the  latter  is 
precipitated  from  a  dilute  solution  by  oxalic  .icid,  while  the  chloride 
of  strontium  is  not. — Cidoride  of  <iluminum  and  $e$qui  chloride  of  iron: 
arixing  from  the  clay  and  oxide  of  iron  mixed  with  the  heavy-spar;  most 
likely  to  be  present  in  the  chloride  of  Imriuni  prepared  by  the  second 
method;  decomposed  by  exposure  to  a  red  heat;  prccij)itated  by  barytji- 
water,  or  carbonate  of  baryta;  dissolved  out  by  alcohol. — C'/anide  of 
barium  [probably  cyanide  of  iron  and  barium]:  found  in  the  commercial 
salt  by  Buchner  {Neperl.  41,  405);  gives  a  blue  precipitate  with  ealta  of 
ferric  oxide. 

Transparent,  colourless  tables,  permanent  in  the  air.  Belonging  to 
the  right  pri.smatic  system ;  having  the  form  of  the  crystals  of  heavy-spar, 
only  with  different  angles.  (Figi.  .51  and  52.)  u}  :  u  =  92  30';  u  :  a 
150"  20';  p  :  i  =  122"  40';  ;>  :  i  i  =  142;  p  :  y 
ScJiw.  64,  298;  also  Haidinger,  Edinh.  J.  of  Sc. 
3-04!i7.  (Karsten.)     Decrepitates  iu  the  firo. 


=  140.   (Von  Kohell, 
1,  101.)     Sp.  gr.   = 


Ba 

Calculation. 
68-6     ....     56-231 

J.  Davy.           PleiKhl. 
83-91       ....      84-3     .... 
1609      ....       15-7      .... 

lUchter. 
82-25 

CI   „. 

35-4      ...     29-02 

2H0  

18-0     .,.      14  75        .. 

17-76 

B«Cl,2UO 

122-0     ....  100-00       .... 

Or! 

Ban 

100-00      ....     100-0     .... 

Calculation. 
76-6     ....      62-79 
36-4     ....      29-83 
9-0     ....        7-38 

100-00 

HCl „.... 

HO  

Or: 
ItoO   

BaO.  UCl  +  Aq 1220     .„.     lOOOO 

CalcnUHon.              Bcnolhu.           Aiken.          Kirwan. 
76-G         62-7'J     ....       61  8:12     ....       62-47     ....       64     ... 
27-4        22-46     ....       23-349     ....       2293     ....      20    ... 
18-0        14-75     ....       14-799     ....       14-60     ....       16     ... 

Barbols. 
63-74 

M.iO» 

2H()    

20-26 
16-00 

122-0      100-00 


100-000 


100-00 


100 


100-00 


IGO  BAIIIL'M. 

100  parls  of  water  at  0"  dissolve  3262  parla  of  cliloriUo  of  bariiuu,  an 
027H  parts  for  every  degree  above  0   ;  100  parts  of  water  at  15-6  dis 
solve  43j,  and  at   lOSo",  78  parts  of  the  crystallized  cliloride.  (Gay-j 
Lussac.)     One  part  of  crystallized  cLloride  of  barium  dissolves  at  IS-lT 
in  2-257  parts  of  water,  forming  a  solution  of  specific  j,mivity  1'3851^ 
(Karsten  )     Specific  (,'ravity  of  a  saturated  solution  at  8^  =  1-270.  (An 
tbon  ;  vid.  also  Brandes  &  Melni,  Repert.  14,  97.)    Water  acidulated  wit 
hydrochloric  acid  dissolves  loss  than  pure  water,  and  concentrated  aqucoua 
hyilrochloric  acid  hardly  any;  so  that  a   saturated  solution   in  water  vt 
precipitated  by  it.      Hot  absolute  alcohol  dissolves  only  -j^  part   of  th| 
crystjils,  but  wore  if  it  coutains  water.    IT  According  to  Frieseniiis  (J  nil 
P'/ianii.  50,  1 17),  one  part  of  the  salt  dissolves  in  81  OS  parts  of  alcohol  of 
99-3  per  cent,  at  14%  and  in  4857  parts  of  the  same  alcohol  at  a  boilin 
lieat.  IT 

D.  HYPoriiLoniTK  of  BAnYTA? — One  atom   of  hydrate  of  bary 
absorbs  one  atom  of  chlorine  gas;  the  compound   is  completely  decon. 
pised  by  exposure  for  two  days  to  an  atmosphere  of  carbonic  acitl.   (Oroa 
voile,  Ann.  Chim.  Phy$.  17,  40.) 

IT  C.  CiiLoniTE  op  Bauvta. — Caustic  baryta  combines  slowly  witl 
chlorous  acid,  forming  an  easily  soluble  salt.     The  salt  may  be  obtained 
nearly  free  from  chloride  of  barium  by  quickly  evaporating  the  solutioi^H 
till  a  film  is  formed  on  the  surface,  and  then  placing  it  in  vacuo.     E^| 
the  solution  is  evaporated  slowly,  crystals  of  chlorate  of  Iwiryta  are  firs^^ 
obtained,  but  the  mother-liquid  afterwards  dep-jsits  a  considerable  quan- 
tity  of   undeC'Om|>o.'<ed  chlorite.     The  salt   undergoes  dec-omposition   at 
235%  being  resolved  into  a  mixture  of  chloride  of  barium  and  chlorate  of 
baryta. 

CalculatioD.  MilloB. 

B»0    76-6     ....      56-32         55-95 

CIO>    59-4     ....       43-08         44-04 

136-0     ....     10000         99-S9 

Carbonate  of  baryta  is  not  decomposed  by  chlorous  acid.  H 

D.  CnLonATE  OF  Baryta. — 1.  An  aqueous  solution  of  chloric  acid  ; 
saturated  with  baryta-water  or  carbonate  of  baryta. — a.  Wheeler  (J  nil 
Chim.  Phifn.  7,  74)  mixes  a  hot  solution  of  chlorate  of  potash  with  hydr 
iluosilicic  aci<l,  so  that  the  latter  may  somewhat  predominate  (which  nia^ 
be  known  by  the  liquid  still  producing  a  precipitate  of  silica  with  ammo- 
nia); heats  the  mixture  gently  for  some  minutes,  M-hcn  the  double  fluoride 
of  silicium  and  potassiuni  falls  down  in  a  gelatinous  form  ;  filters  from  this 
precipitate,  and  saturates  the  liquid,  which  contains  chloric  acid  and  cxccaHH 
of  hydrofluosiiicic  acid,  with  carbonate  of  baryta.  After  this,  nothing  bli^| 
chlorate  of  baryta  remains  dissolved;  it  is  filtered  and  cv.iporated  to  tho 
crystallizing  point. — 6.  Dullos  (*V.  lir.  Aixh.  2:J,  30G)  adiU  to  a  solulioa 
of  27  parts  of  chlorate  of  soda  in  54  parts  of  water,  another  solution  coB^H 
taining  38  parts  of  tartaric  aci<l  in  38  parts  of  water;  throws  this  mi^^| 
tu re  into  double  the  quantity  of  nearly  absolute  alcohol;  and  after  2^H 
hours,  filters  from  tho  crystallized  acid  tartrate  of  soda :  he  then  neutr^H 
lizes  the  liquid  with  cjirbonalc  of  baryta;  allows  the  alcohol  to  cvap^H 
rate  ;  filters,  and  evaporates  to  the  cryst-illizing  point. — 2.  Chlorine  gas  ^H 
j)as8ed  through  warm  water  in  which  baryta  is  diti'used  aud  partly  di^H 
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solved.  The  greater  part  of  the  chloride  of  barium  is  suffered  to  crystal- 
liee  out,  and  the  rest  is  removed  by  addlug  jiiiosphate  of  silver  to  the 
flolutinn  in  the  exact  quantity  ronuired.  Tiio  liquid  ought  not  to  become 
tnrbid  by  the  addition  of  hydrochloric  acid  or  nitrate  of  silver.  (Cheuevix, 
Vauquelin.)  The  addition  of  acetic  acid  somewhat  accelerates  the  action 
of  the  pho.sphate  of  silver  on  tlie  chloride  of  bai'iumj  but  the  chlorate  of 
baryta  then  becomes  mixed  with  acetate,  and  dctonatea  violently  when 
heated.  (Vauquelin, /S'c/fc.  14,  111.) 

Transparent,  colourless  (rhoniboidal:  WachCer),  four-sided  prisma, 
sometimes  with  oblioue,  sometimes  with  perpendicular  terminal  faces ; 
taste  rough  and  acrid.  (Vauquelin.) — The  anhydrous  salt  evolves,  when 
heated,  39  per  cent,  of  oxygen  gas,  leaving  chloride  of  barium  mixed  with 
free  baryta.  (Vauquelin.)  U  Evolves  water  at  120'",  oxygen  at  250%  and 
fu.«es  at  a  temperature  above  4liQ\  (Waehter,  Ann.  Phnnn.  52,  231.)  ^ 
Dofxjnates  powerfully  with  combustible  bodies,  and  when  heated  with 
sulphur,  gives  a  green  flame  (Duflos)  r  when  oil  of  vitriol  is  poured  over 
it,  a  powerful  fla-shing  light  is  ctuittetl.  (Chenovix.)  Dissolves  in  4  parts  of 
cold,  and  in  a  smaller  quantity  of  hot  water,  (Cheuevix.)  It  is  insolubla 
in  alcohol.  (Vauquelin.) 

Anhydrous.  Vauquelin.        Cbenoviz, 

B«0 76-6    ....    50-39     ....    46    to    47    ....    il-3 

aO»    75-4     ....     49-61     ....     54     „     53     ....     52-7 


BaO.ClO'   1520 


lOO-OO 


100 


According    to   Chenovix    the    crystals  contain 
water. 


100     .. 
lO'S 


.  lOO'O 

per    cent,   of 


I 


D.  Perchlohate  op  Baryta. — 1.  An  aqueons  solution  of  peroblorio 
acid  is  saturateil  with  baryta  or  its  carbonate. — 2.  Double  ffuorido  of 
eilicium  and  zinc  is  prepared  from  carbonate  of  zinc  and  gaseous  fluoride 
of  silicium,  and  converted  into  pcrcLK(n»tu  of  zinc  {v'ul.  perchlorate  of 
«inc)  by  boiling  in  water  with  perchlorate  of  potash.  From  the  solu- 
tion of  this  salt  the  oxide  of  zinc  ia  precipitated  by  baryta-water,  and  the 
liauid  filtered  and  evaporated.  (0.  Henry,  J.  FAarm.  25,  268;  also  Ann. 
Pliarm.  31,  345.) — Long  prisms. — The  dried  salt  exposed  to  a  red  heat, 
leaves  60  per  cent,  of  chloride  of  barium.  It  deliquesces  iu  the  air,  and 
dissolves  readily  iu  water  and  alcohol.  Paper  saturated  with  the  aqueous 
flolntion,  then  dried  and  set  ou  fire,  burns  with  a  green  flamo.  (Scrullas, 
»n.  Chim.  Phys.  46,  303.) 


Baridm  and  Fluorine. 


A.  Fluoride  op  BAniu.M. — Precipitated  on  mixing  hydrofluoric  acid 
with  baryta-water,  or  the  double  fluoride  of  hydrogen  and  sodium  with 
nitrate  of  baryta.  (Gay-Lnssac  &  Thenard.)  Freshly  precijiitated  car- 
bonate of  baryta  is  digested  while  still  moist  with  excess  of  aqueous  solu- 
tion of  iiydrolluoric  acid,  aud  the  liquid  containing  the  uncombined  acid, 
together  with  a  small  qu;iiitity  of  dissolved  fluoride  of  barium,  poured  off. 
(IJcrzelius.)  Forms  a  white  powder;  or  if  obtained  by  evaporating  the 
aqueous  solution,  a  fine  granular  crystalline  crust.  (Berzeliu.s.)  Unalter- 
ablo  at  a  red  heat.  Insoluble  in  water,  but  readily  solulilo  in  hydro- 
chloric, nitric,  or  aqueous  hydrofluoric  acid.  (Gay-Lussno  &  Thenard.) 
VOL.    Ill,  >*• 
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BARIUM. 


Slightly  ioluble  in  water:  on  emporating  a  solution  of  it  in  bydroflnoric 

acid,  it  is  left  behind  in  its  original  state.    Ko  heat  i.<!  evolved  oi; 

it  in  aqueoiu  hydrofluoric  acid,  unless  it  contains  silica.  (Bern. 

1,  18.) 

Calculation.  Benelin*. 

B*. 68-6    ....     78-58        Buyta    87-4T 

V  18-7     ..,.     21-42         HTpotbet.  anhjdroiu  hjdfluor.  arid      12  53 


DoF 


87-3 


100-00 


100-00 


nc     I 


B.  HvDRATED  FLUODORrOB  OP  BARiirM. — Carbonate  of  baryta  if 
added  in  small  portions  to  an  aqueoua  solution  of  tetrahydrofluate  of 
boracic  acid  as  long  as  it  is  dissolved.  If  too  much  baryta  wore  added, 
fluoride  of  barium  would  bo  formed  and  all  the  boracic  acid  set  free, 
evaporating  the  solution,  the  Itoracic  acid  which  may  hare  been  pr 
in  excess  crystallizes  out  flrst,  and  when  the  liquid  has  attained  a  symf 
consistence,  the  fluoborido  of  barium  separates.  Long  rectangular  fou 
sided  prisms  and  needles,  often  with  step-like  depressions.  Tastes  lih 
the  other  salts  of  baryta,  but  not  acid,  though  it  reddens  litmus, 
water  at  a  temperature  of  40",  efflorescing  on  the  surface.  On  erp 
to  a  red  beat  it  loses,  first  liquid  hydrotluate  of  boracic  acid,  then 
fluoride  of  boron,  an<l  leaves  fluoride  of  barium.  Alcohol  decomposes 
into  an  acid  salt  which  dissolves,  and  a  pulverulent  basic  salt  whid 
remains  undi-ssolved.  It  is  easily  soluble  in  water,  and  deliquesces  inl 
moist  atmosphere.  (Berzelius.) 


BaP 

BP» 

«HO  

Crjrstallizcd. 
..     87-3     ....     50-69     .... 
..     66-9     ....     38-85     .... 
..     180     ....     10-46     .... 

Berzcliai. 
...       39-51 

10-42 

BaF,  BF",  2Aq.  . 

..  172-2     ....  100-00 

BAIinrif  A1»D   NlTROOEN. 

A.  Nitrite  op  Baryta. — 1.  Nitrate  of  baryta  is  heated  to  low 
ness,  but  not  too  long;  otherwise  a  considerable  quantity  of  free  htiry 
will  bo  formed.    The  residue  is  dissolved  in  water — the  liquid  cvajwrat 
to  dryness — redii-solved — filtered  from  carbonate  of  baryta — and  evaj 
rated  to  the  crystallizing  point.  (Hess,Po<7^.  12,2fi0  )    IT  fhcYier  {Pop ff.'i 
115)  dissolves  the  residue  in  water,   precipit-ates  free  baryta  by  a  cum 
of  carbonic  acid,  anil  nitnite  of  baryta  by  the  addition  of  alcohol;  on  CD 
ing.  the  whole  of  the  nitrate  separates.  IT — 2.  Baryta-water  is  satnraU 
with  the  vapour  evolved  by  heating  fuming  nitric  acid — evaporated — 
dry  mass  exhausted   with   a  small   quantity  of  water,   which   leaves 
nitrate  of  baryta  behind,  and  the  liquid  evaporated.   (Fritxsthe,  Po(/ff. 
170.)    It  crystallizes  like  nitrate  of  baryta.  (Hess.)    Crystallizes  in  slendf 
needles,  in  six-sided  regular  prisms,  or  in  dense  prisms  belonging  to  tl 
regular  system.  (Fischer.)    The  crystals  are  permanent  in  the  air  (Mi^ 
cherlich),  and  soluble  in  dilute  alcoLol.  (Fischer.) 


CrTtlaUUed. 

BaO..- 76-6     ....       61-97 

N0» 38-0    ....      30-74 

HO 9-0    ....         7-29 

BaO,  NO*  -1-  Aq.       1236     ....     10000 


Hns. 
01-&2 
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l{csa  regards  these  crystals  as  a  bihydrated  compound  of  nitric  oxide 
•nJ  baryta  =  BaO,  NO'  +  Aq.  He  finds  that  the  water  cannot  be  expelled 
I*/  merely  heating  the  crystals. 

B.  NrniATE  of  Baryta. — Baryta  moistened  with  nitric  acid  emits 
light  visible  in  the  dark.  (Heiurich.) 

Prfparalion.    Similar  to  that  of  the  chloride.  (111.158.)     If  the  nitric 
will  be  surtJciently  dilute,  and  added  graiiuall}',  stirring  all  the  while,  it 
loffen  no  decomposition  by  contact  with  the  aqueous  solution  of  sulphide 
of  barium,  or  by  the  action  of  the  nascent  sulphuretted  hydrogen.     Mohr 
{Ann.  I'karm.  25,  290)  mixes  a  hot  filtered  solution  of  sulphide  of  barium 
with  •  conoeoirated  solution  of  nitrate  of  soda  ;  on  cooling,  nearly  all  the 
nitrate  of  baryta  crystallizes  out,  and  may  bo  freed  from  adhering  sulphide 
of  >odiam  by  washing  with  cold  water  and  recrystallization.     According 
to  NV'ittfltein,  however  {Repert.  66,  69),  the  sulphide  of  barium  obtained 
from  10  parts  of  heary-spar  and  2  parts  of  charcoal,  is  but  very  imper- 
fectly decomposed  when  mixed  with  7  parts  of  Chili  saltpetre  ;  tho'crys- 
l*U  which  appear  on  cooling  contain  but  a  small  quantity  of  nitrate  of 
bftiyta,  and  consist  for  the  most  part  of  sulphide  of  barium  [baryta?],  still 
requiring  Ui  be  decomposed  by  nitric  acid.     Duflo.s  adds  to  a  solution  of 

Xrt«  of  orystallizod  chloride  of  barium  in  8  parts  of  hot  water,  a  hot 
lion  of  .'J  pnrts  of  Chili  saltpetre  in  3  parts  of  water — allows  the  niix- 
lare  to  cool,  stirring  all  the  while — drains  the  crystals — washes  them  by  a 
•trcani  of  cold  water — and  purifies  them  by  recrystallization. — [These 
niceties,  however,  are  unnecessary.]  Translucent  white  ootohedrons  and 
cnbic  octohedrons  permanent  in  the  air  {Fi^.  2  and  4);  of  specific  gravity 
9*1848  (Karsten);  and  having  a  sharp,  rough  taste.  The  salt  decrepitates 
in  the  firo.  :ind  fuses  at  a  low  temperature.  At  a  red  heat  it  evolves  oxygen 
»■  'u  gases,  and  vapours  of  hyponitric  acid,  leaving  pure  baryta. 

I'  but   pllghtly  with  combustible  bodies,  and   with   a  yellowish 

while  light  ou  iguited  charcoal.  Water  dissolves  it  with  slight  reduc- 
tion of  temperature.  One  part  of  the  salt  at  0'  requires  20  parts;  at  15", 
12-5;  at  49",  59;  at  86\  34;  and  at  101-6  ,  28  parU  of  water  for  solu- 
)«L  (Gay-Lu»s»c.)  It  dissolves  at  20"  in  11 '66  parts  of  water,  yielding 
|Ii()ttid  of  sp«iclfic  gravity  r0678.  (Karsten.)  In  water  containing  nitric 
'  Uu<  nitrate  of  baryta  is  much  less  soluble  than  in  pure  water,  and  in 
*Btnite<l  nitric  acid  it  does  not  dissolve  at  all;  it  is  therefore  precipi- 
from  ail  aijaeons  solution  by  nitric  acid,  and  carbonate  of  baryta  ia 
tl  attacked  by  this  acid  in  a  concentrated  form.  (Milscherlich,  Pogg,  18, 
1^9.)     Insoluble  in  alcohol. 

Clem.  It 
Crystallized.  Bendius.  Ooonncs.  Richtcr. 

B«0 76-6     ...     58-6         ....         5H-4         ....         60  ....         CIS 

M>".,_ 54-0     ....     474         ...         41-6         ....         40  ....         .^H-7 

B«O.NO». 130-6     ...  1000         Z       100-0        Z.       100        Z       lOO'O 

C  CAiinoftATE  OF  Babvta  and  Am.monia? — Aqneons   ammonia,  a] 

MBkll  portion  of  which  is  combined  with  carbonic  acid,  is  not  rendered 

turbid  by  baryta- water  or  chloride  of  barinm,  except  when  heated,  or 

u  1.  r,  i.-fi  t„  gtand  for  many  days;  so  likewise  chloride  of  barium  is  not 

.  precipitated  by  carbonate  of  ammonia  in  the  cold.     In  all  these 

iij,--  carbonic  acid  is  completely  precipitated  in  combination  with  tho 

1,  on  th<»  application  of  heat.  (A.  Vogcl,  Ann.  Chim.  89,  131;  and 

.^.  ■'«..  3J,  204.) 

M  1  1 
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Baricm  and  PoTASsnrK. 

A.  Carbonate  OP  Bauvta  and  Potash. — Carbonate  of  baryta  dis- 
solves slightly  in  aqueous  solution  of  carbonate  of  pota-sh.  (VVackeu- 
roder,  Ann.  Pluirm..  24,  30.) 

B.  ScLPHiDE  OP  PoTAssiiTM  AND  Baricm. — ^When  5  parts  of 
pbato  of  baryta  and  5  parU  of  sulpliato  of  potash  aro  exposed  to 
whit«  heat  in  a  charcoal  crucible,  5 -6  parts  of  this  compound  arc  obtaine 
conseijucntly  more  than  half  the  sulphide  of  potassium  volatilir.e8, 
35  7  parts  remain  in  union  with  0'4'3  parts  of  sulphide  of  barium.     Da 
flesh-coloured,    translucent,    crv^t.iUine-granular,    fused,    and    somewfa 
eponiury  mass,  dissolving  perfectly  in  water,  with  slight  disengagement 
heat.  (Bcrthicr,^n«.  Chim.  Phyt.  22,244.) 

C.  Nitrate  of  Barvta  akd  Potash. — When  nitrate  of  baryta  is 
dissolved  in  a  saturated  solution  of  nitre,  or  nitre  in  a  saturated  solatia 
of  nitrate  of  baryta,  a  compound  of  the  two  salts  in  atomic  proportia 
falls  down.     The  saturated  solutions  mix  without  producing  any  precij 
tate.  (Karstou,  Schi-iften  tier  Berl.  Akad.  1841.) 


Barium  and  Soonni. 

96*6  parts  (1  At.)  of  Carhonatt  of  Baryta  form  with  .SS'S  parts  (1  Alj 
of  dry  Carbonate  of  Soda,  at  a  strong  red  heat,  a  clear  liquid  as  thin 
water,  and  becoming  crystalline  as  it  cools.  (Berthier,  Ann.  Chim.  PhA 
38,  240.) 

One  part  of  Baryta  heated  to  redness  with  2  parts  of  Carbonate  \ 
Soda,  gives  a  light  green,  scmi-vitreous,  imperfectly  united  muss. 
ton-Morveau.J     Baryta  or  carbonate  of  baryta  fused  with  carbon 
soda  before  tlie  blowpipe  on  charcoal  sinks  into  the  charcoal.    (I 
lius.) 

One  part  of  Baryta  gives  with  2  parts  of  Borax  a  clear   slight 
coloured  glass.  (Guyton-Morvean.)     On  charcoal,  before  the  Mowpipejl 
transparent  glass  is  obtained,  which  remains  clear  when  cold,  if  the  bar 
is  used  in  small  quantity,  but  becomes  cloudy  by  interrupted  blowing  (te 
nically.^awji'n^).     When  more  baryta  is  used,  a  milk-white  excrescea 
forms  at  the  bottom  on  cooling;  and  with  a  still  larger  proportion,  t  __ 
glass  becomes  milky  from  the  bottom,  and  at  last  forms  a  perfectly  opaque 
and  white  enamel.  (Berzelius.) 

One   part  of  Baryta  give.s  a  clear  glass  with  2  parts  of  ordinary 
Dipliosphiite  of  Soda.  (Guytou-Morveau.) 

Baryta  heated  with  Phosphate  of  Soda  and  Amnicnia,  on  cha  _. 
before  the  blou-]iipe,  froths  up  and  fuses  to  a  clear  glass,  which  coutini 
clear  after  cooling,  when  but  little  baryta  is  present;  but  with  a  larfl 
quantity  becomes  partially  milk-white,'and  with  a  still  larger  proportig 
enamel-like  throughout.  ( Berzelius.) 

IT  PyRopnosPHATE  of  Soda  and  Baryta.— 0  (2BaO,  PO")  ■+■  2Nt 
PO'  -1-  CAq.  Prepared,  according  to  Bacr  (Pw/^.  75,  l.';2)  and  LudK 
(JrcA.  dcr  Pharm.  66,  265),  by  gradually  adding  chloride  of  barium 


BARIUM  AND  BARIUM. 
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boiling  solution  of  pyropliosphate  of  soda;  the  solution  remains  alkaline. 
Tho  prt'pipitiito  obtained  is  amorphous,  and  must  bo  \ra*hed  with  water 
cirntu'minj;  ammonia,  beoiuse  it  is  to  a  oortiiiu  extent  soluble  in  pure 
•water.  It  is  insuluble  in  pyrophosphate  of  soda,  but  readily  dissolves  in 
hydrochloric  acid. 

METAPHospnATEop  SoDA  AXD  Bahyta. — Prepared  by  mixing  chloride 
of  barium  and  metaphosphatc  of  soda  in  the  reverse  proportions  to  those 
reqnircd  for  the  preparation  of  raetaphos])hato  of  baryta.  (  Vid.  Fleitmann 
A;  Henneberg's  method,  p.  146.)  CrystallizoH  in  fine  stellated  groups,  and 
is  much  more  soluble  in  water  than  metaphosphatc  of  baryta  itself.  Tho 
crystals  dried  in  the  air  contain  8  atoms  of  water. 


Calculation. 

2BaO 15.S-2     ....       38-28 

NiO 31-0     ....         775 

3PC)» 2160     ....      53-97 


Fldtjoann  &  Henncberg. 

38-74 

7-58 

5t-03 


2BaO,N»0,3PO*....     4002     ....     100-00        100-35 

(Fleitmann  &  Henneberg,  Ann.  Pharm.  65,  304.)  T 

83-6  parts  (I  At.)  o{  Sniphuh  nf  Barium  fused  with  53-2  parts  (1  At.) 
of  Dry  Cnrhonalt  of  Soda,  yield  a  light-brown,  opaque  moss,  having  a 
granular  fracture:  water  withdraws  sulphide  of  sodium  from  it  and  leaves 
carbonato  of  baryta.  (Berthier.) 

116-G  parts  (1  At.)  of  sulphate  of  barj'ta  with  71-0  parts  (I  At.)  of 
dry  carbonate  of  soda  (or  1  atom  of  carbonate  of  baryta  with  1  atom  of 
sulphate  of  soda)  fonns  a  mixture  which  fuses  readily,  and  after  cooliug 
appears  white,  ofiaque,  and  stony,  with  an  irregular  and  slightly  crystal- 
line fracture.  (  Bertliier.) 

One  atom  of  Sulphate  of  Baryta  heated  to  whiteness  with  1  atom  of 
MmioiulphiJe  of  Sodium,  fuses  to  a  tolerably  thin  ]iaste,  which  when  cold 
becomctt  olivo-green,  opaque,  and  dense,  with  a  dull  granular  fracture, 
uid  gives  up  sulphiile  of  sodium  to  water.  (Berthier.) 

116-6  parts  (1  At.)  of  Sulphate  of  Baryta  heated  to  whiteness  with 
71-2  parts  (1  At.)  of  anhydrous  sulphate  of  soda  fuses  completely, 
aad  aulidifies  to  a  white  opaque  mass,  of  crystalline-granular  fracture, 
(Berthier.) 

98-6  part*  (1  At.)  of  Carhonatf  of  Baryta  heated  with  58-6  parts 
(1  At.)  of  Chloride  of  Sodium  fuses  rapidly  to  a  clear  liquid,  whirh 
exhales  vapour  of  chloride  of  sodium,  and  foli<liries  to  a  white  translucent 
mass,  having  a  scaly  uneven  fracture.  (Berthier.) 

116-6  parts  (I  At.)  of  Sulphate  of  Baryta  fuses  very  easily  when 
beate<l  with  .58-6  parta  (I  At.)  of  Chloride  of  Sodium,  and  gives  ou 
ooiding  a  somewhat  translucent,  dense,  homogeneous  mass,  having  an 
irregular  crystalline  fracture.  (Berthier,  Ann.  Chim.  Phyt.  43,  302.) 


Barhim  akd  Barium. 

''»*'6  parts  (1   At.)  of  Carbonate  of  Baryta  heated  to  redness  with 
\'W\*  (I  At.)  of  Chloride  of  Barium  yield  a  dear,  thin  liquid,  which 
'■■-    to  a  white  transparent   mass,   of  scaly   crystalline    ftacturo. 
Ann,  Chim.  Phya.  38,  253;  Dobereiner,  Pogg.  \^),^\Q.') 
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If  lijrdniled  i)Lospboric  acid  is  exposed  to  a  red  heat  in  contact  wii 
chloride  of  bariam,  and  the  excess  of  the  latter  dissolved  out  from 
cold  mass  by  water,  there  remains  a  compound  of  I'hosjthatc  of  Bar) 
with  Chloriae  of  Barium,  in  various  proportions,  however,  according 
the  analyses  a,  a:  if  carbonate  of  ammonia  be  thrown  into  the  crucible  I 
the   end   of  the  ignitioDj  the  pro|)ortion8  6,  b,  b,  b,  are  obtained.    (H, 
Rose.) 

a.  a.  b.  h.  b.  b. 

Buryta  5707        66-40        49-74         64-16        61-i«6         60-14  1 

Phusiihorie  uad    .„ 2909         2309         31-23         2609         3404         36-ia| 

Chloride  of  barium  ....     13-84         10-51  903  9-75  410  3-6gj 

~  100-ou  100-00  100-00  100-00  100-00  100-oaj 

One  atom  of  Sulphide  of  Barium  ftises  with  one  atom  of  Chloride  \ 
Barium,  to  a  thin  paste,  which  when  cold  assumes  the  colour  of  ker 
mineral,  and  becomes  opa<)ne,  with  a  slightly  scaly  and  shining  fracture.- 
Willi  2  atoms  of  sulphide  of  barium  a  tough  mass  is  obtained,  becumia 
reddish-brown,  opacjue,  and  dense,  when  cold,  and  exhibiting  a  do 
fracture.   (Berthier,  Ann.  Chim.  Phyt.  43,  302.) 

By  melting  together  one  atom  of  Sulphate  of  Baryta  with  one  atom  I 
Chloride  of  Barium,  a  white  very  translucent  mass  is  obtained,  of  «ca]] 
laminated  fracture.     With   2  atoms  of  sulphate   of  baryta  it   exact 
resembles  statuary  marble.  (Berthier.) 

Flcoride  op  BAniuM  with  Chloride  of  BAHirM. — Precipitated 
when  chloride  of  barium  is  mixed  with  hydrofluato  of  soda  or  potash,  Q^^ 
when  ammonia  is  added  to  a  solution  of  fluoride  of  barium  in  aqueo^H 
hydrochloric  acid.  White  powder,  or — when  obtained  by  cvapomtii^H 
the  solution — granular  crystals,  which  sulTer  no  loss  of  weight  by  ex}>osu^H 
to  a  red  heat.  Water,  which  dissolves  this  compound  more  readily  thatfl 
the  pure  fluoride  of  barium,  cfl'ects  a  partial  decomposition,  as  it  takee 
up  the  chloride  of  barium  in  preference  to  the  fluoride.  (Berxelius,  Fogg. 
1,  19.) 

CalcoUtion.  Or: 

BtCl   _ 104-0     ....     54-36                2B« 1372  ....  71-72 

B«P 87-3     ....     45-64                CI    35-4  ....  18-51 

F 18-7  ....  9-77 

BaCl,  B»F  ....     191-3     ....   100-00  191-3     ....  100-00~ 

Compound  op  Nitbate  and  PnosrnATE  of  Babyta. — Formed 
mixing  nitrate  of  baryta  and  phosphate  of  ammonia,  and  appears  as  ' 
eelatiuous  precipitate,  very  difiicult  to  wash,  and  requiring  therefore  to  "• 
freed  from  the  mother-liquor  by  pressure.     It   gives  up  the  nitrate 
baryta  to  boiling  water,  the  phosphate  remaining  undissolved.  (Berzcliu 
Ann.  Chim.  Fhyt,  2,  J  62.) 

OlJter    compound!    of  Barium. — ^With  iron,   copper,  mercury, 
silver. 
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Chapter  V. 


STRONTIUM. 


[fiopo.    Account  of  a  mineral  from  Strontian,  &c.     Tratuactiont  of  the 

f       Royal  ,%cUty  of  Edinburgh,  4,  3. 
FA'Upnjth.     Crell.  Ann.  1793,  2,  189,  and  1794,  1,  99. 
fifiman.     Crell.  Ann.  1795,  2,  119  and  205. 

V»nquoIin.     Ann.  Chim.  29,  270;  also  Scher.  J.  3,  652. 

Slroiuejer.     Schw.  19,  229  j  also  GiW,  54,  245. 


Bitlory. — The  native  carbonate  of  strontia,  discovered  in  1787  at 
Strontian,  was  at  first  regarded  as  carbonate  of  baryta.  Crawford's  sup- 
pu^ition,  published  in  1790,  that  this  mineral  contained  a  peculiar  earth, 
ira*  confirmed  in  1792  by  Hope,  and  in  1793  by  Klaproth.  Sir  H.  Davy 
in  1S08  first  obtained  from  it  the  metal  strontium. 

^^1  Soureet. — As  salpbate  of  strontia  and  as  carbonate  of  strontia;  in 
^^Kall  quantities  in  Arragonite  and  Brewsterite ;  and  in  very  minuto 
^^Kvpurtions  iu  the  mineral  waters  of  Karlsbad,  Kbnigswart,  Kaiscr> 
^Trauiensbrunn,  and  the  salt  spring  at  Eger  (Berzelius,  Gilb.  74,  145, 
•mi  21)0;  Ptiijij.  4,  250)  in  those  of  Mnrienbnd  (Stoinmann),  of  Bilin 
(^qm),  of  Luhatschiwitz  iu  Bohemia  (Planiava),  of  Emabrunu  iu  tho 
Han  (Bley),  of  Pynuont  (Brandos),  of  Setters  (0.  Henry),  of  Kissin- 
■en  and  uf  Marienfels  near  Na$stadten  (Kastner),  of  Ems  (Gmelin),  of 
L»rev  near  Bex  (Baop),  of  Vic-sur-Serre  and  Galmier  (0.  Henry),  of 
St  Allyre  (Giranlin),  of  Bulgneville  (Braconnot),  and  of  Hammam 
Serda  and  Hammam  Mascoutin  in  Algiers  (Tripier). 

Preparation.  Similar  to  that  of  barium  according  to  the  first  and 
ond  methods.  The  paste  into  which  the  mercury  is  introduced 
ording  to  the  first  method,  cousists  either  of  moistened  hydrate  of 
ontift  or  of  chloride  of  strontium.  (H.  Davy.)  Haro  proceeds  as  with 
riiun.  (For  Clarke's  method  with  tho  oxy-hydrogen  blowpipe,  vid. 
'      18,  249,  and  Gili.  62,  368.) 

i^repertiei.    Of  a  similar  coloar  to  barium,  but  with   lew  lustre; 

oil  of  vitriol;  daetilo;  less  fusible  than  barium  (H.  Davy);  ailrer* 

(Clarke). 
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Compounds  of  StrwUinm. 

Stromtitm  a»d  Oxyoew. 

A.    Stkontia.     SrO. 

Oxtdf.  of  SlrorUtum,  Strotttian,  Strontit,  Strontianerdt,  Sironttane. 

Formation.     Strontiom  oiidiics  rapidly  (slowly,  Clarke)  in  the  air, 
becoming  clmnged  into  strontia  [or  tlic  liydrate?].     When  heated  in  l"" 
air  it  takes  fire  and  bums,  leaving  struntiu;  thrown  on  water  it  prodm 
Btrontiarwater,  with  evolution  of  hydrogen  gas.  (H.  Davy.) 


Preparation.     By    the    sartio  methods    as    those  given    for    barytaj 
according  to  Smith,  also,  by  strongly  igniting  the  hydrate. 

Properties.  Greyish-whito  poroas  mass,  having  a  specific  pravit 
between  30  and  40  (H.  Davy)  =  3[i321.  (Karsten.)  Not  fusing  ■" 
the  fire;  not  volatile;  having  an  alkaline  taste,  and  an  alkaline  reactia 
on  vegetable  colours;  less  caustic  than  potash,  soda,  or  baryta. 


1 


Sr    

o..„ 

Calculation. 
..     44     ....     84-6 
8     ....     15-4 

StroTOcycT. 
84-67 
15-33 

H.  Davy. 

86 
11 

BmdM 
84-551 
15-45 

SrO 

..     52     ....  1000 

10000 

...       100 

..       10000 

M 


8rO  =s:   547-29  +  100  =  647-29.     (Bcrxalius.) 

Decomposition.      By   electricity,   and   by   the  oxy-bydrogcn    blo' 
pipe. 

Combinations,    a.  With  water,   a.  Hydhate  op  Strontia. — 1.  St 
tia  when   mixed  with  water,  crumbles  to  a  white  powiler  and  becon 
heated. — 2.  When  the  crystals  of  strontia  are  heated  to  low  rc<lnos8,  the 
melted  hydrate   remains  as  a  clear  mobile  fluid,   which  solidifies  to 
greyish-white  fibrous  ma-ss.  (Biicholz,  JN'.  ©cA/.  4,  661.) — 3.   The  crys 
of  strontia  healed   to  100',  leave  the  hydrate  in   the  form  of  a  wl 
powder.  (Smith.)     By  prolonged  ignition,  the  hy<lrate  is  rendered  tmn 
parent  (Bucholz);  and  at  a  higher  temperature,  it  loses  the  whole  of 
■water.  (Denham  Smith,  Phil.  Mag.  J.  !>,  87;  also  Pi>gg.  39,  196.) 


SrO 
HO... 


Calculation. 
52     ....     85-24 
9     ....     14-76 


Smith,  No.  3. 
8309 
14-»1 


SrO,HO....     01 


100-00 


100  00 


5tn>^ 
com^^ 

B,  the 

to  ^H 

trstjiM 

:mn^H 
of  i^ 

4 


/9.  CuTSTALS  OF  Strontia.     Formed  during  the  cooling  of  a  solutiiin  of 
strontia  prepared   at  a  higher  leniperaturc.     Transparent.      Crystnllir 
system,  the  e<juaro  prismatic  {Fig.  33);  cleaving  reaxlily  parallel  to 
less  easily,  parallel  to  r;  p  :  e  —  137"  48':  a  :  r  =  132'  12'.  (BrooV 
Ann.  Phil.  23,  287.)     The  crystals,  when  heated  (even  to  100%  Smib 
lose  50  per  cent,  of  water,  without  melting  in  their  water  of  rrystaUizatiQ 
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■nJ  leave  an  effloresced  mass  of  hydrate.  (Bucholz.) 
air  they  are  converted  into  carbonate  of  slroutia, 
(Filhol.) 


By  ezposuTO  to  the 
Sp.  gr.  =  1-911. 


SrO 

9HO  

CalcDiation. 
.,     52     ....     391 
..     81     ....     60-9 

Smith. 
39-58 
60-42 

No»d. 
38-53 
61-47 

R.  PhiUipj. 
36-24 
63-76 

SrO,9H0  . 

..  133     ....  100-0 

..       100-00 

100-00 

...       100-00 

Phillips  {Phil.  Ma(/.  J.  6,  35)  supposes  the  crystals  to  contain  10 
•tom«  of  ■water.  Noad  {Fhil.  Mag.  J.  11,  301;  12,  52)  attributes  the 
•Zeoes  of  water  over  9  atoms,  which  he  found,  to  the  mother-liquor  adhering 
to  the  crystals.  Filhol  found  9  atoms  of  water  (J.  P/iami.  <£-  Cfiim.  3,  7, 
271). 

y.  Stbostia-Water.  One  part  of  the  crystals  dissolves  in  50  parts  of 
eold,  and  in  2-4  parts  of  boiling  water.  (Bucholz.)  Colourless  lirjuiJ,  having 
An  alkaline  taste  and  reaction;  becomes  covered  with  a  lilm  of  carbonate 
of  atrontia  on  exposnre  to  the  air;  precipitated  by  sulphuric  acid. 

h.  With  acids  strontia  forma  the  Strontia  BAtTs.  The  specific  gravity 
of  these  salts  lies  between  that  of  the  b.ir^'ta  and  lime  salts.  They  aro 
colourless,  when  the  acid  itself  is  without  colour;  and  not  poisonous, 
nnleso  the  acid  is  so.  They  colour  the  blowpipe  flame  cjvrmine-red;  the 
(oluble  salts,  especially  the  chloride  of  strontium,  impart  this  colour  al.<jO 
to  the  flame  of  a  taper,  when  put  upon  the  wick — to  the  flame  of  heated 
tlcohol — and  with  great  vividness,  according  to  Smith,  to  that  of  wood- 
ipirU.  The  similarity  of  this  red  colour  to  that  produced  by  the  suits  of 
btliia  disappears  if  a  prism  is  placed  between  the  flame  and  the  eye  :  in 
this  case,  the  lithia  flame  shows  only  a  simple  red  ray;  the  strontia 
laTce,  on  the  contrarj',  exhibits  a  great  number  of  red  rays  separated  by 
dark  intervals,  besides  an  orange-yellow  and  n  bright  blue  ray.  (Talbot, 
/'  • ;.  31.  592.) — Hydrochlorate,  of  strontia,  hcatcil  on  a  platinum  wire, 
■  lis  the  blowpipe  flame  only  till  it  fuses  and  is  converted  into 
i-iilirrido  of  strontium  ;  whereas  chloride  of  lithium  reddeus  it  continuously. 
Chloride  of  barium   mixed  with  the  chloride  of  strontium  prevents  the 

■      .irance  of  the  red  colour  with   the  ljlowj)ipe.     The  colour  imparted 

•  flame  of  alcohol  by  chloride  of  fctrontium  becomes  yellowish-red 

<•  111  u  salts  of  baryta  are  jirescnt,  and  yellow  when  soda  salts  are  present 

ill  \:irf:e  quantity.   (H.  Rose.)     Potash  and  soda  witlulniw  the  ucid  from 

I'l  -.ilts  of  strontia,  excepting  the  phosphate  and  sulphate.      Miiny  of  the 

,r  atia-ealts  arc  insoluble  in  water;  but  all  except  the  .sulphate  are 
ill- -I lived  by  weak  nitric  or  hydrochloric  aciil,  being  at  the  .•<ame  time 
puilly  decomposed.  These  salts  dissolved  in  water  give  a  white  prccijii- 
latr,  ^oluble  in  hydrochloric  acid,  with  the  simple  carbonate,  diphosphate, 
or  arscniato,  and  with  the  simjile  oxalate  or  tartrate  of  unimouia,  pot:i.sh, 
or  toda.  Bicarbonate  of  potash  precipitates  a  strontia  solution  more 
elinTly  and  less  copiously  the  more  it  is  diluted;  nn<l  a  very  dilute  solu- 
tion, only  with  the  aid  of  heat.  lodate  of  soda  gives  a  white  precipitate 
with  the  salts  of  strontia,  immediately  in  concentrated  solutions,  but 
not  till  after  some  time  when  weaker  solutions  are  emploj-ed.  (H.  Rose.) 
Licbig  found  no  precipitate  produced  by  this  reagent — probably  becanse 
I)"  used  a  very  dilute  solution.     With  simple  chromnte  of  potash,  the 

rtrcitjlia   salts  give   a  yellow  crystalline   precipitate,   after  some  time. 

WiUi  rery  dilute  solutions,  no  precipitate  is  produceA.  (^\b\\\\.'^    ^\!\- 
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phttric  Bcid  and  its  salts,  not  excepting  a  solation  of  gjpsam,  prtwif 
tato  the  salts  of  strontiu,  oven  when  largely  diluted;  though  not  at 
great  a  degree  of  dilation  or  so  instautaneuusly  as  the  salts  of  baryt 
Uio  precipitated  sulphate  of  strontia  is  but  slightly  soluble  in  hydroi-blor 
or  nitric  acid.     A  solution  of  nitrate  of  struntia  ivhich  contains  but  uo 
part  of  stroutia  in  2,500  parts  of  water,  still  gives  a  precipitate  wit 
sulphuric  acid  or  sulphate  of  soda;  with  5,000  parts  of  water,  a  slig 
cloudiness;  with   10,000  parts  of  water,  a  very  slight  turbidity;   with 
20,000  parts  of  water,  a  very  slight  cloudiness  after  some  minutes  ouly^ 
and  with  40,000  parts  of  water,  after  some  minutes,  a  scarcely  perceptiblp 
turbidity.     With  oxalate  of  ammonia,  a  solution  containing  1   part 
stroutia  in   10,000  parts  of  water  gives  a  scarcely  apparent  turbiditj 
and  with  more  water,  no  effect  whatever.  (Lassaigne,  J.  Chim.  Mtd. 
527.)     Oxalic  acid  gives  a  white  precipitate  which  does  not  appear  fd 
Borae  time  when  the  solution  is  considerably  diluted ;  more  rapidl3',  hoir" 
ever,  than  with  a  salt  of  baryta.    No  precipitate  is  produced  with  strontia 
nits  by  the  following  substances:  perchloric   acid;  hydrofluosilicic 
(not,  at  least,    if  the  solution  contains    any  free  acid);  bicarbonate 
potash;  bjcliromate  of  jxitash;  hydrosulphate   of  ammonia;  succinate 
ammonia  (with  very  concentrated  solutions  only,  a  precipitate  soluble 
hydrochloric  acid  is  formed  after  a  lung  time);  ferrocyanide  of  potussiufl 
(II.  Rose,  Pogg.  44,  445);  ferridcyanide  of  potassium. 
0.  With  earths,  fonning  enamels  and  glasses. 

d.  With  certain  oxides  of  the  heavy  metals  in  the  wet  way. 

e.  With  certain  organic  sabstanoes. 


B.    Peroxide  of  STRONTitrH. 

Not  yet  known  in  the  separate  state,  but  only  as  a  Bydrale,  which  falls 
down  in  pcarlv  scales  on  mixing  strontia-water  with  an  aqueous  solution 
of  peroxide  of  hydrogen,  or  with  the  hydrochlorate  or  nitrate  of  peroxidi 
of  hydrogen,  not  in  excess.  (Thenard,  Ann.  Chim,  Fhyt.  8,  313.) 


Strontium  and  Carbon. 


roxid^^ 


Carbonate  op  Strontia. — a.  Monocai-bonaU. — Found  as  Strontian- 
ite.  Formed  by  exposing  strontia  and  its  combinations  with  water 
to  the  air.  Prepared  in  the  same  manner  as  the  carbonate  of  baryta. 
May  be  obtained,  according  to  Zoega,  in  crystals  like  those  of  carbonate 
of  baryta  (III.,  139). 

The  crystals  of  the  native  carbonate  belong  to  the  right  prismatic  sys- 
tem, and  have  the  forms  of  arragonilo  (Fuchs,  Mitscherlich);  the  rhombo- 
hedral  system  (Hauy).  It  is  transparent,  has  a  waxy  lustre,  and  a  s{ie- 
cilic  gravity  of  3605  (Mohs);  36245  (Karsten).  The  artificial  carbo- 
nate is  a  white  substance,  smooth  to  the  touch,  and  has  but  little  cohe- 
sion. Fuses  at  226"  (Wedgwood)  to  a  clear  glass.  (Saussure,  J.  Phys.  4« 
24.)  Tasteless.  The  native  variety  however  has  an  alkaline  reaction 
(Pleischl.) 

CslraUtion.  Stromeyer.     TbonuoD.        Uie.      S<'luiifgot«ch.    B^rud<_ 

SrO 52        7027     ....     70-313     .„.     70'1     ....     698     ....     6973    ..„     7i-{ 

CO* 22        29-73     ....     29687     ....     29-9     ....     302    ....     30-27     .... 

SrO,CO*    74      100-00     ...  100000     ....  1000    ....  10»-0    ....  100-00    ....  100'( 


HYPOPnOSPHITB  OF  STRONTU. 


m. 


Klsproth, 

Kinran, 

695 

300 

0-5 


Pdlptier. 

G2 

30 

8 


Hope. 

fil'2 

30-2 

8-6 


1000 


100 


1000 


ITIlbtUizes  with  a  red  light  when  heated  on  a  piece  of  charcoal  inflamed 

I  llrdvn  of  oxjgen  gas.     It  lose^  carbonic  acid  if  exposed  to  the  heat 

I  powerful  forge.  (Gay-Lussao  &  Thenard.)   The  change  is  complete  in 

-quarters  of  an  hoar,  the  substance  retaining  its  form  but  diminishing 

Tolnuie.  (Abich.  Pogg.  23,  315.)      It  loses  its  acid  at  a  lower  tempera- 

if  elcam  is  paj>sed  over  it,  the  hydrate  being  then  produced.  (Gay- 

EtUi^SAC  &  Thenard.)     Before  the  blowpipe  it  fuses  at  the  edges,  and  then 

ipidly  swells  u|),  forming  cauliflower-like  ramitications,  which   become 

incandescent,  impart  a  reddish  colour  to  the  flame,  and  have  an 

ine  reaction.  (Berzelius.)     It  is  readily  dissolved  by  a  cold  solution 

Irochlorate,  nitrate,  or  succinate  of  ammonia.  (A.  Vogel,  Brett,  Witt- 

)     74  parts  (1  At.)  of  carbonate  of  strontia  boiled  for  eight  hours 

a  solution  of  54  parts  (1  At.)  of  sal-ammoniac  in  water,  dissolve 

but  3'3  parte  with  evolution  of  carbonate  of  ammonia;  the  whole  of 

be  ammonia  is  evolved.  (Smith.)     Carbonate  of  strontia  is  soluble  in 

ports  of  boiling  water.  (Hope.)     T  Also  in  11,862  parts  of  water 

lidulated  with  hydrochloric  or  sulphuric  acid,  and  in  1 8,045  parts  of 

Ipure  water  at  ordinary  temperatures.  (Fresenius.)  IT 

h.  Acid  Salt. — The  salt  a  is  slightly  soluble  in  aqueous  carbonic  acid, 
»nd  again  separates  in  needles  when  the  liquid  is  evaporated.  The  solu- 
tion exerts  an  alkaline  reaction  on  the  blue  colour  of  violets  and  on 
Idened  litmus.  (Pleischl.) 


Strontiitm  and  Boron. 

Borate  op  Strontia. — a.  Biborate. — By  precipitating  a  neutral  salt 
of  Mroutia  with  borax. — White  powder,  colouring  the  juice  of  violets 
ewen;  soluble  in  130  parts  of  boiling  water.  (Hope.)  It  dissolves  readily 
ID  a  cold  aqueous  solution  of  hydrochlorate  or  nitrate  of  ammonia.  (Brett.) 
I  b.  St-rfxM'ate. — The  white  precipitate  produced  in  a  salt  of  atrontiii 
rW  the  addition  of  sexborate  of  potash.  It  is  soluble  in  a  large  quantity 
M  water,  and  has  an  alkaline  reaction.  (Laurent.) 


Strontitth  and  Phosphorus. 

A.  PuosPBiDB  OF  Strontium.— Similar  in  properties  to  phosphide  of 
ium. 

B.  HypopnospHiTE  op  Strontia. — Obtained  as  the  baryta  E.alt, 
aniing  to  the  first  and  second  methods  (III.,  141).  Difficultly  crystal- 
lile.  (DuIoDg.)     Very  similar  to  the  baryta  salt.     Like  that  salt  it 

res,  when  heated,  spontaneously  inflammable  phof^phuretted  hydrogen 
ttended  with  the  same  phenomena,  and  leaves  diphosphate  of  strontia 
with   phosphoric  oxide.    (H.  Rose,  Pogg.  9,  372;  12,  84.)      Very 
I  in  water,  (Dulong.) 
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C.  Phosphite  op  Strontia. — DiphotphUe. — Crystalliws  from 
aqnoous  tiolation  by  spoutancous  evaporation.  (Dulong.)  Tercliloriile  o1 
phosphorus  dissolved  in  water  gives,  after  being  saturated  with  aiuiuuui 
a  scanty  preoij>itate  with  chloride  of  strontium;  but  on  evaporatinaj  tl 
mixture,  tlie  salt  in  dejiosited  in  a  crystaliino  form.  The  salt  wa*hetl  »i 
dried  in  vacuo  over  oil  of  vitriol,  and  then  ignited,  evolves  hydrogen  gas 
with  a  trace  of  water  and  phosphorus,  and  leaves  di-  [pyro-]  phosphate  of 
Btrontia  with  a  small  excess  of  base  and  a  little  phosphoric  oxide. 

2SrO,  2H0,  PC  =  2SrO,  PO*  +  2U. 

(H.  Rose,  Pogij.  9,  27.)  It  dissolves  with  ditficulty  in  water;  the  solutio 
when  heated  deposits  a  hatic  talt  of  a  pearly  lustre  [trlphosphit«  ?],  whil 
an  acid  sail  fmonophoaphile  ?],  which  crystallizes  with  difficulty,  remain 
dissolved.  (Dulong.) 

D.  PnospBATE  OP  Strontia. — DiphospJiaie. — Formed  when  chlorid 
of  strontium  or  nitrate  of  strontia  is  precipitated  by  ordinary  diphosphate" 
of  soda.      AVhite,  tasteless  powder,  which  melts  before  the  blowpipe  to  a 
white  enamel.  (Vau(|nclin.)     Not  decomposed  by  jwtash  or  soda.   (Berz 
lius.)     Docs  not  dis'Solve  in  water,  but  is  soluble  in  aqueous  phosphor 
hydrocliloric,    or   nitric  acid.    (Vauquclin.)       E-jsily  soluble   in   a   coB 
solution  (if  hydrochlornte,  nitrate,  or  succinate  of  ammonia,  from  wiiic-h  i 
is  partly  precipitated  by  a  small  quantity  of  ammonia,  and  completely  ' 
a  larger  quantity.  (Brett,  Wittstcin.) 


After  ignition. 

2SrO   104-0     ....      .^9-29 

PO* 71-4     ....       40-71 


A'auquclin. 
58-76 
41-24 


Stromryer. 
63-435 
36-565 


2SrO,P0»  ....     175-4 


100-00 


100-00 


100000 


IT — E.  PvROPnospiiATE  OF  Stroxtia. — Nitrate  of  strontia  gives 
white  amorphous  precipitate  with  pyrophosphate  of  soda.  If,  howeve 
the  mixture  bo  heated,  the  amorphous  powder  is  converted  into  smii 
crystals.  Somewhat  soluble  in  water;  di.ssolvoa  completely  in  nitric  or 
hydrochloric  acid;  ins(duble  in  acetic  acid  and  solution  uf  pyrophosphate 
of  soda.     The  salt  contains  water. 


2SrO  

Calculation. 
..     104-0     ....       59-22 
71-4     ....      40-78 

Schwanipnbcrg, 
59'19 

P0» 

40-71 

2SrO.  P0» 

..     175-4     ....     10000 

99-90 

(Schwarzenbcrg,  Ann.  Pharvi.  65,  133.) 

F.  Metaphosphate  of  Stho.vtia. — Prepared  ns  the  barj'ta-salt  bj 
decomposing  carbonate  of  strontia  with  dilute  phosphoric  acid,  evapuratinj 
to  dryness,  and  heating  to  310°.  Insoluble  in  water  and  acids,  but  deeou 
posed  by  sulphuric  acid. 

Calculation.  Madilrell. 

SrO  „ 52-0     ....       28-52        28-337 

PO»  71-4     ....       71-48        71-6fi3 

SrO,  PO» 123-4     ....     10000        100-000 

(MaJilrcl),  Mem.  Chem.  Soc.  London,  3,  273,  1848.)  H 


nyposuLPuiTE  of  strontia. 
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SmONTICM   AND  ScLPHCR. 

A.  MoxoscTLPriiDE  of  STRONirrM. — 100  parts  of  sulphate  of  strontia 
Ifrougly  ijjnited  in  a  charcoal  crucible  yield  Hi  parts  of  sulphide  of  stron- 
liiini.  This  substance  is  white,  graiiulitr,  caked  together,  but  friable. 
(Berthicr.)  Sulphate  of  strontia  is  more  easily  decomposed  by  charcoal 
(lian  suljihate  of  biiryta.  lu  preparing  sulphide  of  strontium,  for  tho 
ise  of  obtaining  tho  difl'erent  salts  of  strontia  from  it,  the  methods 
>i  for  thu  iireparation  of  sulphide  of  barium  may  be  employed,  espe- 
y  a,  a  and  (i  (III.  HG).  The  charcoal  should,  however,  amount  to 
i  oDc-third  of  the  sulpliato  of  strontia. 


Sr 

S  

CalctUation. 

„ 44     ....       73-33 

16     ....       26-67 

Bertliicr. 
73-17 
26-83 

SrS 

60    ....     100-00 

100-00 

I  solution  of  sulphide  of  strontium  in  boiling  water  deposits,  on  cool- 
ie considerable  quantity  of  crystals  of  pure  strontia.  (BerthoHet,  J. 
fofytrcUii.  C<th.  11,  315;  H.  Rose,  J^ogg.  53,  430.)  Tho  mother-liquor 
Dntitins  double  sulphide  of  hydrogen  and  strontium  or  bihydrosulphato 
f  strontia.  If  an  iu.sufficient  quantity  of  water  is  used  to  dissolve  out 
iie  eulphide  of  strontium,  the  water  chiefly  takes  up  bihydrosuljihate  of 
troDtia,  and  the  residue  treated  with  a  fresh  quantity  of  water  yields 
nearly  pure  strontia.  (H.  Hose.) 

B.  SuLvniDE   OP    Htdrooen    and    Strontiu.m,    or    Bihi'droscL' 1 
PiiATE  OP  Strontia. — 1.  Sirontia-water,  or  water  in  which  sulphide  of 

trontium  is  dilfused,  is  satui-ated  with  sulphuretted  hydrogen  gas.  (Ber- 
elius.)  2.  Sulphide  of  strontium  is  dissolved  in  boiling  water,  and  the 
Irvntia  allowed  to  separate  on  cooling.  (H.  Rose.)  The  liquid  obtained 
tho  first  metho<l  yields,  when  evaporated  in  vacuo  over  oil  of  vitriol, 
ftriatcd  prisms,  which  appear  to  be  four-sided,  and  when  dry,  do 
(alter  by  exposure  to  the  nir  for  several  d.iys;  when  heated,  they 
leTt  in  their  own  water  of  crystallization — give  up  this  water,  together 
ritli  the  second  atom  of  sulphuretted  hydrogen,  with  ebullition — and 
tDionosulphide  of  htrontiuiu  in  the  form  of  a  white  powder.  (Berzclius, 
0,  442.)  The  aqueous  solution  boiled  in  a  retort  evolves  sulphu- 
tfe<J  hydrogen  g!u>  abundantly,— even  more  readily  than  the  baryta 
Propound;  and  on  cooling,  deposits  crystals  of  strontia,  with  which,  when 
Jte  liquid  becomes  highly  concentrated,  crystals  of  bibydrosulphate  of 
trontia  are  mixed.  (BerthoHet,  H,  Rose.) 

C.  PEBSiTLPniDE  OP  Strontium. — Similar  in  character  to  tho  per- 
talphide  of  barium. 

D.  HvposcLPniTE  OP  Strontia.  Formed  when  a  solution  of  suljihido 
Fstrontium  is  exposed  to  the  air,  or  sulphurous  acid  is  passed  through  it,  till 
I  becomes  colourle>>8.  (Herschel)     In  the  first  case,  carbonate  of  strontia 

cipitateil;  in  the  secoml,  sulphur.     On  mixing  the  liquid  with  alcohol, 

^posulphite  of  strontia  separates  in  delicate,  silky  crystals.  (Grotthuss, 

11,  3.34.)     By  evaporation,  the  salt  is  obtained  in  transparent,  rhom- 

crytstais.  {Ciay-Lussac.)     The  crystals  aro  \tty  VarjLO,  ^wwvwW 
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hoTg.)  Tlie  salt  ta«t«s  insipid  at  first,  and  snlpliaroas  afterwards;  ib 
18  tioutnl  to  Tegetable  colours.  (Oay-Lnssac.)  rermanent  in  tbo  a" 
Lo6Ct<  it«  water  betwotn  50'  and  60",  without  however  sutTcriuij  deer.: 
position.  At  a  higher  temperature,  it  i^  converted  into  sulphate  uf  tctrontii 
and  sulphide  of  stroutium,  with  separation  of  sulphur.  (Gay-Lussac. 
Rocs  not  part  with  its  water  at  60°,  and  still  retains  6  per  cent,  of  water 
at  180°.  By  a  somewhat  stronger  heat  it  is  resolved  into  water,  sul- 
phur, and  a  small  quantity  of  sulphurous  acid,  which  escape,  and  a  wbit« 
pulverulent  residue  compoaed  of  sulphide  of  strontium  with  sulphite 
sulphate  of  stroutia.  (Rammelsbcrg,  Foyff.  56,  301.)  Treated  with  nii 
acid,  it  is  converted  into  sulphate  of  strontia  containing  a  double  qu 
tity  of  sulphuric  acid.  (Gay-Lussac,  Ann.  Cfiim.  85,  199;  95,  165.) 
diswlvcs  in  6  jHiris  of  cold  water  (Gay-Lussac);  in  4  parts  of  water  at  1 
and  in  1|  parts  of  boiling  water.  (HerscheL) 


SrO 
S»OS  , 
5KO 


Crfftalliied. 
62     ....       3586 
48     ....       33-10 
4S     ....       31-04 


RajnmeUberg. 
36-09 


ftO,  8H}*  4-  SXq- 


145 


100-00 


5 — E.  Tethathionate  op  SmoNTTA.— SrO,S*0'  +  6Aq.      Obta!n« 
in  the  same  manner  a«  the  baryta-salt,  but  less  completely  precipit 
by  alcohol.  (Kewler,  Poffg.  74,  249.)  IT 

F,  SctPHiTE  OP  Strontia. — Taatcless  powder,  scarcely  soluble  q 
water;  changing  into  sulphate  of  strontia  when  exposed  to  the  air. 

O.  Htposhlphatb  op  Sthoxtia. — Belongs  to  the  rborobohedral  sys- 
tem of  crystallization  {Fi^.  132);  indistinct  cJeavage-plano  parallel  to 
p;  r  :  t*  =z  120°.  Taste,  bitter.  Permanent  in  tlio  air;  decrepitates 
slightly  in  the  fire;  and  leaves,  after  ignition,  57-75  per  cent,  ofc^ulphate 
of  strontia.  Dissolves  in  4-5  parts  of  water  at  16';  in  1-5  parts  of  boiling 
water,  but  not  in  aloobol.  (Heeren.) 


8rO 

Crystallized. 
5a    ....    32-5 

Heeren. 
3254 

SHJ*  

4HO 

72    ....    44-0      ... 

86    ....    22'a      ... 

....      4S'36 
....       22-10 

8rO.S»0»  +  4.\( 

160    ...  1000      ... 

....     10000 

H.  SoLFSATE  OF  Sthontla. — a.  Monotulpkatt. — Found  in  nature 
OS  CwUriine.  Precipitated  on  mixing  a  salt  of  strontia  in  solution  with 
sulphuric  acid,  or  a  soluble  culphatc.  A  solution  of  gypsum  also  prei:ipi- 
t<ttc8  the  t^trontia  s.ilt8.  Stroutia  becomes  hcut«>d  on  the  addition  of  oil 
of  vitriol,  without  however  rising  to  a  red  heat.  (Jul.  Fontenelle  & 
Quesucville,  Ann.  Chim.  Plit/e.  37,  223.)  By  using  large  quantities,  &  rod 
boat  io  produced.   (Kastucr,  Kastn.  Arch.  16,  220.) 

The  native  sulphate  belongs  to  the  right  prismatic  system  of  crystal- 
lization [I'iij.  61,  and  many  other  forms);  cleavage  partillel  to  p,  and  less 
-  sy  in  the  direction  of  u  and  u>;  «'  :  u  =  104-  48'  (Huuy),  10.3"  42* 
'billijw).  Specific  gravity  of  the  native  sulphate  =  3-953  Breitlmupf  \ 
tliat  of  the  artiliciul  =  35883.  (Karsten.)  The  artinoi.illy  j-r. 
Liu»  the  form  of  a  white  powder.  It  is  tasteless;  at  a  high'toMij' 
fuses  to  a  vitrefied  mass. 


lODIDB  OF  STRONTIUM. 


17$ 


KinriD,  Cliylield, 
Calculation.  Stromeyer.    Henry,  Klaproth.  Vauquclin, 

52     ....     56'62         57         58         54 

40     ....     43-48         43         42         4B 


IK),  SO> 92 


10000 


100 


100 


100 


By  ignition  with  charcoal  it  ia  reduced  to  sulphide  of  strontium. 
AtcoralDg  to  Moretli  {Sc^He.  9,  169)  araenio  aoid  with  the  aid  of  heat 
•xpola  tho  sulphuric  ooid.  It  dissolves  in  3,840  parts  of  boiling  water 
(Hope);  in  15,020  parts  of  water  at  11";  in  3,544  parts  of  boiling  water 
(Bran.les  &  Silber,  Br.  Arch.  33,  61);  in  3,000  parts  of  water  at  155^; 
in  (J,.Si.i3  part*  of  water  at  14",  and  in  9,638  parts  of  boiling  water 
(Fresouius); — less  freely  in  water  containing  sulphate  of  soda,  and 
still  liMS  in  wat«r  mixed  with  siilphurio  acid  (Andrews,  Phil.  Mag.  Ann. 
,  40fi).  It  dissolves  slowly,  but  coraplotely,  in  a  solution  of  common 
It  (by  which  character  it  is  distinguished  from  sulphate  of  baryta),  and 
again  precipitated  by  sulphuric  acid.  (Wackenrodcr.)  Insoluble  in 
Olution  of  sal-ammoniac.   (Brett.) 

6.  Acid  Sail. — The  neutral  sulphate  of  strontia  is  taken  np  by  boiling 
oil  of  ritriol,  from  which  It  la  again  thrown  down  by  water.  (Hope,  Klap- 
"'    li,  Moretti.) 

I.  ScLroiDE  OP  Carbon  and  Stronticm  and  HrDRosuLPno-CARBO- 
kTB  OH  Strontia. — The  brownish-yellow  solution  evaporated  in  vacuo 
kTCs  a  fibrous,   pale,  Icuion-coloured,  effloresced  mass,  which  becomes 
idi«h  brown  when  moistened,  and  is  more  soluble  in  water  than  the 
buyta-ealt.  (Berzeliiu.) 


Strontidm  aj<d  Selbmdm. 

A.  MoNosELBNioE  OF  Stro.ntidm  aud  Hydroseleniatb  of  Stron- 
>. — Soluble. 

B.  PoLTsELENiDE  OP  STRONTinM  and  Hydroselenite  op  Strontia. 
-Hydroselenite  of  potash  produces  wUh  strontla-salts  a  flesh-coloured 
pecipitate,  wlilch  iloes  not   lose  selonlum  at  a  red  heat;  acids  however 

tte  selenium  from  it.  (Berzclius.) 

0.    Sklesite   op   Stro.«<tia. — a.    Monoielenite. — SeO',  SrO. — White^ 
fa»ible  i>owder,  insoluble  In  water. 

BitrlaiiU. — Obtaiued   In    the  same    mauncr    as   the    bisclcnitc    of 

It  ceparaten  as  a  milk-white,  amorphous  crust  ou  evaporating  an 

|Deous  solution.     Fuses  In  the  fire;  swells  up  and  evolves  water  at  lirst, 

■d  tbcD  one  half  of  its  acid,  leaving  a  spongy  residue  of  monoseleuito  of 

ontia.     Scarcely  sulubie  In  cold  water,  and  dissolved  but  slowly  even 

boiling  water.  (Berzellus.) 


Strontidm  and  Iodine. 

A.   Iodide  op  Stro.sticm. — Prepared  by  saturating  aqueous  hydrio- 

:  arid  with  strontia,  carbonate  of  strontia,  or  sulphide  of  strontium,  and 

orating;  or  by  the  method  of  0.  Houry  given  under  ioclulo  o(  barium 
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(III.,  154).     Fases  in  a  close yeasel  belowarcti  beat  without  nndergoii 
docomposition;  but  if  hcat«d  in  the  air  it  gives  off  iu<lino  and  is  conver 
into  struntia.     Readily  dissolve*!  by  water.  (Gay-Lussic.) 

Iodide  of  Stroiitii  1 — Iodine  combines  with  strontia  at  a  red  he 
(Gay-Lusisu'.)     The  compound  cont&ins  equal  numbers  of  atoms  of  ioilil 
and  atrontia,  and  loses  its  iodine  if  the  heat  be  too  powerful.  (GrouveU 

B.  loDATE  OF  Strontia. — 1.  Formed  by  dissolving  iodine  in  strontiij 
tratcr;  most  of  the  iodalc  of  strontia  fuUa  down,  whilst  the  iodide 
Strontium   remains  in  solution.  (6ay-Lussac.)^2.    By  precipitating 
aqueous  solution  of  chloride  of  strontium  with  iodate  of  soda.^-a.   If  tl 
lii|uids  are  used  hot,  the  salt  a  is  obtained  in  the  state  of  powder;- 
the  c<.ild,  the  salt  fl  is  obtained  in  crystals.  (Rammelst)erg,  Pfiffij.  44,  .57i 
The  anhydrous  salt  when   ignited  evolves  vapour  of  iodine  and  12'4i 
per  cent  of  oxygen  gas,  leaving  a  residue  of  40'244  per  ceut.  of  fi>'e-ba 
periodale  of  strontia. 

5(SrO,  10«)  =  5SrO.  lO'  +  41  +  18  O. 

It  dissolves  easily  in  cold  hydrochloric  acid,  the  liquid  acquiring  a 
yellow  colour  and  evolving  chlorine.  (Ranimclsberg.) 

B.    IPiV/j  one  atom  of  water. — Method  2,  a.     White  powder. 

/9.    With  6  atoms  of  water. — Method  1,  or  2,  h.  Small  crystals,  whi« 
appear  to  bo  octohedrons.  (Ga3'-Lu6sac.} 

One  p.art  of  salt  /3  dissolves  in  41G  parts  of  water  at  15^  and  in  138 
parts  of  boiling  water.  (Gay-Lussac.)  It  dissolves  in  342  parts  of  water 
at  l.V^,  in  110  parts  of  boiling  water,  and  also  in  warm  nitric  acid,  bat 
with  difficulty.  (Ilammelaberg.) 

Anbydroui.  Salt  a.  Rainmeli 

BrO 520     ....       23'85            SrO 52    ....     2291  .„.     23-S7| 

lO* 1660    ....       7615            lO* 166    ....     73-1.^  ....     72-4«1 

HO 9      ..       3-9C  ...       417 


SrO,  lO* 2180 


lOOOO 


+  Aq 22? 


SrO.... 
IO»... 
6HO 


52 

16G 

54 


Siilt/3. 


1912) 
6103/ 
19-85 


....  10000     ... 

R&mmclsberg. 
79-86 
20-1 « 


100-00 


+  6Aq. 


272 


100-00 


100-00 


C.     Five-basic  Periodate  of  Strontia. — Remains  after  the  iguitioa 
of  iodate   of  strontia.     Gives   the   same   appearances   when    licated    in 
hyilrogen   gas  as   the    baryta-salt,    but  with  less   vivid   inc&ndescen 
(llammelsberg.) 


Strontium  akd  Bromine. 


1 


A,  Bromide  of  Strontium. — The  solution  of  carbonate  of  strontia 
in  aqueous  hydrobromic  acid  is  evaporated  to  clrynes.-s  and  exposed  to 
Lent.  White  mass,  fusing  at  a  red  heat  without  decomposition.  ^,Berthe- 
mot,  Rammclsbcrg.) 

Stx-hydratfd  Bromide  of  Strontium,  or  Penla-hpdrated  HydroibromaU 
of  Strontia.  Crystallizes  on  evaporating  and  cooling  an  aqueous  solution 
of  the  bromide  of  strontium. — Very  long  needles.  (Lbwig,  Mag.  Pharm. 
33,  7.)    AccorHag  to  Berthemot  {Ann.   Chim,  Phyt.  74,  894),   they 


CHLORIDE  OF  STRONTIUM.  177 

donwe  in  tbe  air;  according  to  Rammolsbprg  {Pogg.  55,  238),  tliev  do 
Ml  offloresce  even  over  oil  of  vitriol.  Tlie  crystals  become  anhydrous 
•ken  gently  heated  (Lovrig),  but  first  melt  in  tiieir  water  of  crystallization. 
fli«mmelsberg.)  They  commuuicatc  a  purplo-rcJ  colour  to  the  flame  of 
•Icohol  or  of  a  taper.  (LSwig.) 

ADhydroiu.                                                   Hydrat«d.  Rammebberg. 

Sr ._....     440     ....     35  95             Sr 440     ....     24-941  .„  ,. 

Br    ...     78-4     ....     64-05            Br 78-4     .,.,     44-45J  "      ""  "' 

6HO    51-0     ...     30-61  .  .      30-24 

Sf.Ur     122-4     ....  10000  176-4     ....  10000       ....    10000 

Or: 

SrO 62-0  .,..  29-48  j 

HBr    „ 79-4  ....  45-01  I 

5UO  45-0  ....  25-51 

176-4     ....  lOO-OO 

B.  Hypobromite  op  Strontu.? — Bromine  behaves  with  strontia- 
vstCT  as  with  baryta-water  (III.,  I3G),  excepting  that  no  bromate  of 
atroDtia  is  precipitutcJ.  (Balard.) 

C.  Bromatk  of  Strontia. — 1.  A  solution  of  carbonate  of  strontia 
in  a^ui-ons  brumic  ucid  is  evaporated  to  the  crystallizing  point.  (Ram- 
uiclsberg,  Pugg.  52,  >^4  and  87.) — 2.  Crystals  of  strontia  and  bromine  are 
atirred  np  in  water  till  they  di8Solve,  and  the  solution  ia  evaporated  at  a 
gentle  heat.  The  bromate  of  strontia  crystallizes  rather  before  the 
hydnitcd  bromide  of  strontium;  but  the  two  compounds  cannot  bo  com- 
pletely separated  by  re-crystjiJliziition.  (Lowig,  Mag.  Pharm.  33,  7.) — 
By  warming  the  crystals  the  dry  salt  is  obtained ;  it  is  decomposed  at  a 
red  beat  into  oxygen  gas  and  bromide  of  strontium.  (Lbwig.)  In  this 
respect  it  behaves  like  the  baryta-salt,  though  the  decomposition  is  not  so 
violent.  (RammeUberg.) 

The  crystals  contain  one  atom  of  water.  Crystalline  system,  the 
right  prismatic.  Right  rhombic  prisms.  (Fig.  0!».)  «':«=:  98"  40'; 
»  :  i*  =  78"'  1 J'.  They  do  not  lose  their  water  when  placed  over  oil  of 
vitriol  in  vacuo  at  ordinary  temperatures;  but  are  rendered  completely 
•ohydrous  at  a  temperature  of  120'.  (Ramnielsberg.)  According  to 
Ldwig,  tlic  salt  forms  four-sided  needles,  more  solid  and  less  transparent 
IImui  the  hydrated  bromide  of  strontium;  efBoroscing  in  dry  air.  The 
Cfyttals  dissolve  iu  3  parts  of  cold  water.  (Raramelsberg.) 

Rammeli- 
Anhydrouf.  Crystallued.  berg. 

SlO  _ 520    ....     30-5>         SrO   520        28-99     ....     28'82 

BKl*  tl8-4     ....     69-48         BrO» 118-4         66-00     ....     66-19 

HO    9-0  5-01     ...       4-99 

SiO.  BfO* ....  170-4    ....100-00        SrO,  BrO'  +  Aq.     179-4      100  00    ...10000 
Strontidm  and  Chlorine.  1 


A,     CitLORfDE  OP  Strontium. — Strontia  heated  in   chlorine  gas  ia 

rted  into  chloride  of  strontium,  with  separation  of  half  a  volume  of 

i*»iVf;''n  gas  for  every  measure  of  chlorine  gas  absorbed.     Strontia  when 

' ,  abtorbs  hydrochloric  acid  gas,  with  iucaadcscence  &\\<i  {oT\n«A.\oi\  q( 

roL,  lit.  W 
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water.  (Cherreu!.)  The  cHoride  is  obtained  in  the  anhydrons  Bt»t* 
ie:niting  the  hydralcd  compound.  When  moderately  heated,  it  formi  i 
white  powder;  after  fusion,  a  white,  semi-transparent,  vitrefied  mMfcl 
It  is  dilfirult  to  fuse;  permanent  in  the  fire;  a  non-conductor  of  t\» 
tricity;  of  a  sharp  bitter  taste;  of  specific  gravity  abont  2-803S 
(Karsten.)  When  ignited  in  the  air,  it  becomes  alkaline  from  los  '' 
chlorine  and  absorption  of  oxygen.  (Kraus,  Poffff.  43,  130.)  This  is  i 
instance  of  reciprocal  afiinity.  Dissolves  in  116*4  parts  of  alcohol, 
taining  99-3  per  cent.,  and  in  262  parts  at  a  boiling  tempenituxe.  (Tn 
8cniu8.) 

Calculation.  H.  Dar;. 

Sr    44-0       ..     55-4  58 

a    35-4     ...     44-6         42 


SrCl 


79-4 


Or: 
SrO     .. 
MaC. 


Cakulition. 
52-0     ....       65-5 
27-4     ....       34-5 


100-0 

Viaqaetin. 
...     60-7     ... 
...     39-3     ... 


TbI.  Rose. 
61-67  . 
38-33     . 


100 

Stromeyer. 
..  65-585  . 
..     34-41S     . 


SrO,MuO«....     79-4 


1000 


100-0 


10000 


100-000 


lOOl 


Sfx-hydrcUed  Chloride  of  Strontium,  or  Pent<i-hydrated  JJi/dtorhloraU 
of  Strontia.    Chloride  of  strontium  nnitcs  with  water,  with  evolution 
heat. — Preparation.  Similar  to  that  of  hydrochlorate  of  baryta  (III.  \5i 
The  simplest  method  is  to  dissolve  in  water  the  sulphide  of  strontiu 
obtained  by  igniting  coilestine  with  \  its  weight  of  charcoal,  and  saturate 
the  filtrate  with  hydrochloric  acid.     Long  six-sided  needles,  imi>artinfi 
peculiarly  intense  red  colour  to  the  flame  of  alcohol  or  of  a  taper.     Wi 
heated,  tliey  fuse  and  are  converted  into  dry  chloride  of  strontium.    Th«_ 
deliquesce  only  in  moist  air;  dis.solve  in  J  pt.  of  cold  water;  and  in  hot 
water   in   every   proportion.       Concentrated   hydrochloric    acid    thro* 
down  part  of  tlie  salt  from  its  solution  in  water.  (Hope.)     The  crysti 
dis.solve  at  15"  in  6  parts  of  alcohol  of  specific  gravity  0-833  (V'auquclid 
in  24  parts  of  cold^  and  in  19  parts  of  boiling  absolute  alcohol.  (Buolioll 


)rau 
n  o^ 

iuij^ 
irate 


Cftlcu 
SrCl 79-4     . 

Ittion. 
..     69-62 
..     40-48 

Kinran. 
58 
42 

Vsuqaetin 
60 

6HO 640 

40 

SrCI,  6Aq 133-4     . 

Or: 
BrO.Ha 

..  100-00 
88-4     .. 

...       100 

66-27 

33-73 

...       100 

5HO 

45-0     .. 

1 

SrO.  HCl  +  5Aq 

133-4     .. 

100-00 

1 

IT  B.  CnLORiTE  OP  Strontia. — Prepared  in  the  same  manner  aa 
tlie  baryta-salt.  Less  easily  decomposed  by  slow  evaporation ;  deli- 
quescent; decom]K>scd  at  208"  into  chlorate  and  chloride.  (Milton.)  ^ 


SrO „ 

tio»  

CalcaUtion. 
...       52-0     ....       46-32 
...       59-4     ....       53-68 

Millon 
4fi-47 
53-53 

SrO.  CIO«  

..     111-4     ....     100-00 

10000 

C.     CntoRATK  OP  Strostia.— Obtained  in  the  same  manner  ai 
cblonte  of  baryta.     Crystallises  in  needles   (large  pyramidal  crystals^ 


NITRATE  OF  STRONTIA. 
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''^■'ittry,  taste*  cooling,  sharp,  and  somewliat  roDgb.     Contains,  accord- 
'  Cbenevii,  20  per  cent,  of  strontia,  4G  of  chloric  ucid,  and  28  of 
"•IT.     Fuses  and  explodes  with   a  purple  flame  on  ignited  charcoal. 
((:m(|ueliD.)     Decomposed  at  the  same  toiupcrature  ujj  the  baryta<-salt. 
''  -liter.)     Deliquesces  in  the  air,  and  dissolves  in  alcohol  more  readily 
■       ilie  hjdrochlomte  of  strontia.  (Chenevix.) 

I).  Perchlorate  op  Sthontia. —  The  solution  evaporated  to  the 
'Couelstcnce  of  syrup  solidiScs  on  cooling  to  a  maas  of  crystals,  which, 
liowcver,  rapidly  deliquesce  even  in  the  drying  chamber.  A  solution  of 
tlie  mlt  in  alcoliol  burns  with  a  splendid  purple  flame.  (SomllaB,  Ann. 
6'Ait/i.  J'hys.  46,  304.) 

SxROMTini   AND   FLroRINE. 

Fluoride  op  STnox-ntiM. — Prepared  iu  the  same  manner  as  the  flnorido 
of  barium.  White  powder.  Dissolves  but  very  slightly  in  water  and  in 
a({aeou3  hydrofluoric  acid.  (Bcrzclius,  Foyg.  1,  20.) 


Strontium  akd  Nitrogen. 

A.  NiTRiTB  OF  Stro.ntia. — Crystallizes  in  fan-shaped  masses  of 
B««dl«e  which  slowly  deliquesce  in  the  air.  (Fischer,  2^offg.  74,  115.) 
The  crystals  are  permanent  in  the  air.  (Mitscherlich.) 

B.  Nitrate  of  Stkostu. — Prepared  by  the  same  methods  as  the 
njtraio  of  baryta.  Separates  in  anhydrous  crystals  from  an  aqueous 
tolslion  concentrated  by  heat;  when  it  is  exposed  in  a  more  dilute  state 
to  a  low  tenippraturc,  hydratcd  crystals  are  produced. 

The  anhydrous  ailt  forms  transparent  and  colourless  octohcdrons  and 

robivoctolicdrous  {Figt.  2  and  4);  it  has  a  sharp  cuuliug  taste,  decrepitates 

in  the  fire,  and  fuses  at  a  red  heat,  undergoing  <leconipo8ition  and  leaving 

■atroHtia.     Explodes  but  slightly  on    ignited  charcoal,  and   with   a   red 


SrO 

NO» 


Anhydrous. 
52  ....  49 
54     ....     51 


Stromeyer. 
49-38 
50-62 


Coopor. 
40-08 
50-92 


Richter. 
48-6 
51-4 


SrO.  NO>     106 


100 


100-00 


10000 


1000 


The  hydrated  salt  belongs  to  the  oblique  prismatic  sjrstem;  {Ftff.  107), 
but  without  the  <-fuce,  andconse<juently  with  the /-face;  p  -.u  ^=-  10.3"  40'; 
p  :  /  backwards  =  1.31'  47';  u  :  v}  =  66'  20';  u'  :  w  (the  faec  to  the 
rightof  m')  =  146"  50';  u  :  t  —  140"  10';  p  :  t  =  111"*';  »'  ;i=  126". 
Highly  ofllorescont.  (Brooke,  Ann.  Phil.  2.3,  289.) 

Nitrate  of  iblrontia  dissolves  in  5  parts  of  cold  and  in  ^  pL  of  boiling 
water;  it  la  not  soluble  in  absolute  alcohol. 


1                  SrO 

Hydmtwi. 
.     62     ....     34-44 
.    54     ....     35-76 
45     ..       29-80 

Cooper. 
35-4 
3C-8 
27-8 

Kirwui.                ^H 
3U-21                   H 

1                 NO» 

3107                  H 

1                  5HO   

1     _ 

.-12-72                 g 

ISl     „..  10000 

...      lOO'Q        ....      \0(^-W)               ■ 

■ 
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C.  Ammomo-brohtbe  op  Strontium. — Powdered  wibydrooa  bromide 
^f  strontium  absorbs  ammoniacnl   gas.     Tbe  componnd   forms  •  clear 

lotion  in  water.  (Rammclslierg,  Pogg.  55,  238.) 

Cftlfulation.  RammcUber];. 

4SrBr 489  6    ....     96-65        968 

NH'    170     ....      3-35        3-2 

4SrBf.NH».,..     506-6     ....  10000        1000 

D.  Amikonio-chloridk  of  Strontium.  —  Anhydrous  chloride  of 
strontium  in  powder  absorbs  animouiacal  gas  greedily,  forming  a  while, 
loose,  very  bulky  powder,  which  gives  off  the  ammonia  when  heated. 
(H.  Rose,  Pogg.  20,  155.) 

Calculation.  II.  Rom. 

SrQ 79-4     ....     53-87        5419 

4NH«    68-0     ....     4613        4581 

8rC1.4NH»  ....     147-4     .,„  lOO'OO        10000 

Strontium  and  Sodium. 

74  parts  (1  At.)  of  carbonate  of  tlroulia  fuse  with  53-2  parts  (1  At) 
of  dry  rarbonale  of  so<la  at  a  strong  red  heat,  forming  a  mass  which,  when 
cold,  exhibits  a  stony  texture,  antl  au  uneven,  «liglitly  crystalline  fracture; 
it  does  not  give  up  carbonic  acid,  fvcn  at  a  white  heat.  (Berthier,  Ann. 
C/iitn.  I'/ii/K.  38,  247.)  Curbonutc  of  strontia  gives  with  carbonate  of 
soda,  on  charcoal  before  the  blowpipe,  a  clear  glass,  which  becomes  milk- 
white  when  cold  (anv  excess  of  the  carbonate  of  strontia  remains  undis- 
solved). If  the  heat  be  increased,  the  compound  boils,  gives  off  carbooio 
acid,  and  sinks  into  the  charcoal.  (Berzeliiis.) 

With  borax  and  microcotmie  tall,  strontia  behaves  like  baryta.  (Bar- 
zelius.) 

H  Baer  succeeded  in  preparing  a  double  pyrophosphate  of  strontia 
and  soda  similar  to  the  barj-ta-salt  (p.  164),  but  from  the  formula  which 
he  gives— 2SrO,  9P0» -f  NaO,  P0»  +  I8A4.— it  would  appear  to  be  » 
mere  mixture.  IT 

92  parts  (1  At.)  of  sulphate  of  strontia  yield  witli  5.5-2  parta  (1  At.) 
of  dry  carhovatf  of  loda,  a  very  fusible  mixture,  which  is  not  voLatile 
at  a  white  heat,  niid  when  solidified  is  whiti^,  opaijue,  and  stony,  with  an 
uneven,  very  slightly  crystalline  fracture.  (Berthier,) 


Strontium  and  Strontium. 

One  atom  of  carbonate  of  strontia  gives  with  one  atom  of  chloride  of 
strmitiiim,  at  a  moderate  red  heat,  a  clear,  niobilo  liquid,  which  solidifies 
on  cooling  to  a  lioinngejieous,  porcelain-like  mass,  of  laminated  texture, 
(Dohcreiner,  Pogg.  15,  1'40.) 

One  atom  of  mljjhaie  of  strontia  fuses  readily  with  one  atom  of  ehli>- 
ride  of  strontium :  the  solidified  inajs!i  is  tiomogencous  and  translucent, 
with  a  crystalline  fracture. 

Strontium  also  combines  with  mercury. 
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Hitlory.  Lime  Las  been  kno^rij  from  tbe  earliest  times.  Black,  in 
1736,  first  pointed  out  the  difl'eronco  between  burnt  and  unburnt  lime. 
Sir  H.  Davj  discovered  calcium  in  ItiOS. 

Sources.  CHlcium  is  the  most  widely  diffused  of  all  the  alkali-niotals; 
it  is  found  in  all  three  kingdoms,  especially  as  carbonate,  phosphate,  sul- 
phate, bydrochlorato,  uitnitc,  arseniatc,  and  luiigstate  of  lime;  also  as 
silicate  of  lime,  cither  aluiio  or  in  combination  with  other  silicates,  oonati- 
tnting  numerous  minerals;  lastly,  aa  fluoride  of  calcium. 

Prtj)aration.  Similar  to  that  of  barinra  according  to  the  first  and 
second  methods.  (H.  Davy,  GUb.  32,  360;  Bcrsselius  &  Pontin,  Gilb. 
36,  255;  Gay-Lussac  &  Thenard,  JiecJierc/i.  I,  50;  Hare.)  In  the  first 
method,  however,  the  separation  of  the  mercury  ia  more  difficult. 

Properties.  Silver  white;  solid  at  ordinary  temperatures. — Atomic 
weight  of  Calcium  =  205  (Berzelius),  =  20  (Dumaa,  Compt,  rend.  14, 
546;  £rdmanu  &  Marchand,  J.  pr.  C/iem,  26,  472). 


r 


Cumpoundt  of  Calcium. 
Calcicm  and  Oxyoen. 
A.     Lime.     CaO. 
Oxide  of  Cakium ;  Cftaux;  Terre  calcaire ;  Kallerde,  Katk. 


Forviation.  The  metal  oxidiios  rapidly  in  the  air  at  ordinary  tempera- 
tiires;  and  with  iufluiiimation  when  heated.  It  dissolves  in  water,  pro- 
ducing lime-water  and  liberating  hydrogen  gas.  (H.  Davy.) 

Preparation.— 'Q-y  prolonged  ignition  of  carbonate  of  lime.  On  the 
large  scale,  common  lime-stone  is  burned  in  linie-kilus;  on  the  small  scale, 
calc-8par,  white  marble,  oyster-.shell,",  or  artificially  jiroparcd  carbonate  of 
lime  is  ignited  in  crucibles;  the  last  portions  of  carbimic  acid  are  got  rid 
of  by  moistening  the  substance  with  water  and  igniting  again.  Impure 
lime-stone  containing  clay  becomes  dead-burnt,  when  subjected  to  too 
strong  a  heat, — i.  e.  it  is  changed  into  a  half-fused  compound  of  lime  with 
■ilica  and  alumina,  which  no  longer  evolves  heat  with  water,  and  couse- 
queotly  is  but  imperfectly  slaked  by  it.  Iiinic  of  this  kind  iti  mentioned 
liy  Bcrgmun.  {Upuic.  1,  27.)     Pure  carbonate  of  lime,  such  as  Carrara 
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nftrble,  does  not  become  dead-burnt  even  in  tlio  most  powerful  forge, 
after  repeated  ignition  in  a  potter's  fumaoc.  (Geblen,  N.  Gehl.  3,  90S] 
Nasse,  Schw.  46,  91.)     Oyster-shells  and  chalk  beooiue  drnd-bumt  unde;^ 
certain  circumstanoi-'s.    (Bucholz,  iV.  Gthl.  A,  128;  »e«  also  Vicat,  Jn 
Chim.  r/ij/s.  23,  424;  and  ScJiw.  46,  12C.) 

Propertuf.     White,  soft,  and  easily  redaoud  to  powder.     Specific  pn^ 
vity  =  2-3  (Kirwan);  =  308,  at  4",  in  vaeuo  (Royer&  Dumas);  =  3-lt 
(Karstcn);   =  SlTi)  (Pol.  Boullay);  =  32  (Richter).     Lirae   is  one 
the  most  refractory  bodies  in  nature,  melting  only  with  the  strongest  bd 
of  a  powerful  voltaic  battery  (H.  l)ary),   or  on  charcoal  ignited  inl 
stream  of  oxygen  gas  (Morvean),  or  in  the  flame  of  the  oxy-bydrog 
blowpipe  (Clarke);  in  tbe  last  csise  it  eiuila  a  splendid  red  light.    It  fu 
to  a  white,  opaque  enamel,  but  generallv  at  tbe  edges  only.     It  is 
Volatile.     Taste,  alkaline.     Alters  vegetable  colours  like  tbe  alkalis, 
is  the  least  caustic  in  its  action  of  all  the  alkalis. 


Benelitu. 


Sir  H.  D»Ty. 


Calculation,                                                  Enrlier.  lAta. 

C«. 20     ....     71-43         ....         71-91         ....         73-5         ....  72-8 

O  8       .      28-57         ....         28-09        ....         265            .  27-« 

C«0 28     ...    100-00        ~.       100-00         Z.       1000         ~.  1 00-0 

(C«0  =^  256-02  +  100  c=  356-02.     BeneUus.) 

Dfoomposifion.     By  electricity;  by  potassium  at  a  white  beat; 
phosphorus,  sulphur,  bisulphide  of  carbon  (II,,  204,  3),  and  cbloriae 
red  beat. 


Comblnalionf. — a.  With  water. 

a.  Hydrate  of  Lime. — SInX-ed  Lime.     Lime  mixed  with  about  ba 
its  weight  of  water,  aKsorbs  it  at  first  by  capillary  attraction  into  tbe  por 
left  in  its  substance  by  the  escape  of  carbonic  acid  during  the  process  ( 
burning.     The  air  contained  in  the  pores  is  thus  driven  out  with  a  hisei^ 
noise,  and  tbe  lime  combines  with  the  water,  forming  a  pulverulent  bydrafl 
The  combination  is  attended  with  great  rise  of  temperature — sometin 
even  sufficient  to  inflame  sulphur,  gunpowder  {Ann.  Chim.  Phyt.  23,  2U 
and  wood — and  more  sudden  and  powerful  in  proportion  to  thepurity  of  tl 
lime  and  the  quantity  employed.    Even  with  ice,  lime  becomes  heated  tol 
temperature  ot  100\  ,Thc  steam,  as  it  rises,  carrier  with  it  a  large  quaotil 
of  lime.    When  lime  is  moistened  with  a  small  quantity  of  wafer,  it  emil 
-while  slaking,  a  bright  light  visible  in  the  dark.    (Pelletier,    Kortiim, 
Voight,  N.  Mag.  2,  69;  Heinrich,  Phosphoreseem,  373;  Goliel,  Sc/iw.  5t 
488.)    Lime  on  which  a  treble  quantity  of  water  is  poured  crumbles,  wil 
violent  ebullition,  to  a  cream-like  mixture  of  hydrate  of  lime  and  lini| 
water.     Tbe  production  of  heat  during  the  slaking  cannot  by  any  meaj 
be  referred  to  the  mere  passage  of  the  water  from  the  liquid  to  the  soli 
state,  since  ice  evolves  heat  with  lime.     The  statement  of  Grottbus,  thi 
ammonia  is  evolved  in  the  slaking  of  lime,  haji  been  refuted  by  PloisohlT 
(Zeitschr  Phpt.Math.  2,  31. "i.)     Lime  exposed  to  the  air  is  converted  into 
%  compound  of  hydrate  of  lime  with  carbonate  (III.,  188). 

Hydrate  of  lime  is  obtained  in  the  crystalline  state,  cither,  accordini 
to  Cliompre  &  Riflault  {GUb.  28,  117),  by  bringing  two  cups  connect* 
by  means  of  asbestos  into  the  circuit  of  a  voltaic  battery, — the  posilil 
cup  coatain'mg uitrate  of  lime,  and  the  negative  cup  water, — wLercupon  i ' 


LIME-SALTS. 


18S 


■yttel*  of  lime  are  deposite^l  on  the  wire  of  the  negative  cup;  or  more 
Ntdily,  according  to  Gay-Lussao  (Ann.  Chim.  Phiji.  1,  334),  by  placing  a 
VhmI  cuulaiiiiug  lime-water  and  another  containing  oil  of  vitriol  under  a 
flu«  jar,  closed  at  Ixittom,  the  oil  of  vitriol  being  renewed  as  often  as  it 
wconiett  CAtumted  with  water. 

The  hydrate  obtained  by  flaking  lime  has  the  form  of  a  fine  white 
powder;  the  cryetallized  hydrate  forms  transparent,  regular,  six-sided 
BtiMfw,  perpendicularly  truncated,  and  cleaving  parallel  to  the  terminal 
n«M ;  nlcio  six-sided  tables,  often  cleaving  in  planes  imrallcl  to  the 
lateral  fac^s  of  a  rhomboid.  (Gay-Lutsac.)  It  loses  its  water  at  a  low 
red  heat,  bat  without  fusing.  In  the  air  it  absorbs  carbonic  acid,  by 
which  the  crystals  are  rendered  opaque. 


Calculation. 


CM} 
HO, 


28 
9 


75-67 
24-33 


Dalton. 

75 
25 


Benelius. 


75-7  to 
24-3   „ 


75-5 
245 


Gay-Lnssac. 

Cryrtttls. 

7625 

23-75 


LaToitior. 

77-7 
22-3 


C«0,  HO ....     37       100-00 


100 


100-0  „  100-0 


10000 


100-0 


£ 


/3.  Lime-water. — Slaked  lime  is  stirred  up  in  water,  and  the  liquid 
filtered  out  of  contact  of  air.  As  native  carbonate  of  lime,  from  what- 
ever formation  it  may  be  obtaino<l,  contains  potash  and  sodu  salts,  the 
water  with  which  the  flaked  lime  is  first  treated  alnayb  takc.s  up  potash 
*ad  soda  in  the  caustic  state  and  in  the  form  of  eulphsites  and  chlorides. 
The  water  is  thereby  rendered  more  nlkalino  to  the  taste,  and  nioro 
powerful  in  its  action  on  vegetable  colours;  and  the  formation  of  carbonate 
of  lime  on  its  surface  by  exposure  to  the  air  likewise  takes  place  more 
•lowly  than  with  pure  lime-water.  In  order  therefore  to  obtain  pure 
lime-water,  milk  of  lime  must  be  first  stirred  up  with  water;  the  solution 
<UcaDt«<i  nfter  subsidence,  und  the  undieisolved  hydrate  of  lime  mixed 
with  a  fresh  portion  of  water,  and  tillered.  (Kuhlniann,  j\-nn.  I'haitn.  38, 
4«;  A.  Vogel,  J.  pr.  Chtm.  25,  230.)  According  to  Ualton  {Sytlem,  2, 
1),  lime  dissolves  in  778  parts  of  water  at  IS-li";  in  972  parta  at  54-4'-'j 
id  in  1270  parts  at  iOO";  according  to  Phillips  {^Ann.  Fhil.  17,  107),  in 
ports  of  nater  at  0  ;  in  752  parts  at  15-0  ;  and  in  1280  parts  at 
100  ;  faenoe  lime-water  saturated  at  0"  deposits  at  100"  a  considerHble 
qiuuititjr  of  hydrate  of  lime  in  small  crystals.  (Phillips.)  2000  parts  of 
ltBl»-w»tcr  saturated  in  the  cold,  mixed  with  1000  parts  of  water,  dcjKwt  ' 
St  lUO"'  one  part  of  hydrate  of  lime;  but  with  2000  parts  of  water,  only 
0*075  parts,  in  the  form  of  a  slight  cloud.  When  the  boiled  lime-water 
\f  "  1  to  cool,  the  precipitate  foimed  by  boiling  is  not  rcdi.*solved  to 
11  1  lible  fxteut.  (Gniliam,  y/itV.  j1/(i</.  j1««.  2,  23.)     H  According 

ki  s\  ut^iiin  {Itrpert.  Pharm.  I.,  1S2),  one  part  by  weight  of  lime  dis- 
•olr<>a  in  729 — 73^  parts  of  water  at  ordinary  temperatures,  and  in  1310— 
1'  -  of  boiling  water:  he  also  finds  that  the  deposit  which  settles 

d'  : I  lime-water  is  exposed  to  the  air  consists  of  COa,  CO*.  II 

Li  int.- -water  is  colourless,  with  a  slightly  alkaline  and  acrid  taste,  and 
becomes  eorereil  in  the  air  with  a  film  of  carbonate  of  lime. 

MiUc  of  L  imf  and  Cream  of  L  imr  are  mixtures  of  hydrate  of  lime  and 
lime-water  of  diU'erent  degrees  of  thickness. 

i.  With  ncids  lime  fonns  the  Lims-salts.  The  insoluble  salts  of  this 
alua  were  formerly  called  Selfiiilat.  Lime-salts  are  colourless  if  the  acid 
itself  i«  colourless;  they  have  a  lower  specific  gravity  than  thoMtltsnf  barvt* 
>nd  ttrontift,  aod  an  acrid  taste.   A  few  only  of  the  Umo-«alt« — the  hydro- 
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cLlorate  more  especially — wlien  heated  in  tbe  blotrpipc  flame  on  pl^"- 
num  wire,  impart  a  red  colonr  to  the  flame,  similar  to  that  produced     t*y 
hydrochlorate  of  strontia,   but   less  intense.      The  colour  disappears    »* 
soon  OS  the  sail  becomes  dehydrated;  when  chloride  of  barium  is  mix^ 
with  the  cliloride  of  calcium,  the  red  colour  is  not  produced  at  alL     K\co- 
hol  burned  on  soluble  lime^-salts  exhibits  a  red  flame,  aa  with  salts  of 
titrontia,  but  tinged  with  yellow.     Lime  produces  salts  nearly  or  qnit« 
insoluble   in  water,  with  almost  the  same  acids  as  baryta  and  strontia. 
These  salts,  however,  dissolve  readily  in  hydrochloric  and  nitric  aciils, 
except  the  sulphate  of  lime,  which  is  but  slii'htly  soluble  in  these  aciJi 
Tiie  aqueous  solution  of  a  lime-salt  gives  a  precipitate  of  hydrate  of  li: 
with  caustic  potash  or  soda,  but  not  with  ammonia.     White  prccipital 
easily  soluble  in  hydrochloric  acid,  are  also  produced  with  mouocarl 
Bate,  biborate,  diphosphate,  diarsenite,  or  diarseniatc,  neutral  tartrate, 
citrate  of  soda.     Bicarbonate  of  potash  gives  no  precipitate   with  dilu 
solutions,  except  with  the  aid  of  heat.    Sulphuric  acid  does  not  precipitata] 
a  moderately  dilute  solution,  or  produces  needles  only  after  a  consider'^ 
able  time,  especially  ou  the  addition  of  alcohol;  but  in  more  concentrat 
solutions,  it  forms  a  much  more  voluminous  precipitate  than  with  ba 
or  strontia-salts.     When  a  salt  of  lime  is  jirecipitated  by  a  quantity 
sniphuric  acid  not  sufficient  for  complete  saturation,  the  filtrate  renders 
solution  of  a  baryta  or  strontia-snlt  turbid,  because  it  contains  sulphate 
lime  in  solution.      If  the  precipitated  sulphate  of  lime  be  well  washed 
boiled  with  a  large  quantity  of  water,  the  filtrate  likewise  gives  a  doi 
with  salts  of  baryta  or  strontia,  and  also  with  oxalate  of  ammonia  or 
ash.    W^ater  saturated  in  the  cold  with  sulphate  of  potash  gives  no  im; 
diate  precipitate,  even  in  the  concentrated  solution  of  a  lime-salt.     Tung, 
slate  of  so<u  separates  lime  from  its  salts  completely,  even  when  the  acid  is      i 
somewhat  in  excess.  (Anthon.)    Oxalic  acid,  and  more  especially  its  soln^B 
ble  $alt.s  throw  down  from  salts  of  lime — even  when  largely  diluted — i^^ 
white  powder,  somewhat  soluble  in  hydrochloric  and  nitric  acids,  but  almost 
insoluble  in  acetic  acid.    Nitrate  of  lime,  dissolved  in  the  proportion  of  on 
part  of  lime  to  25,000  parts  of  water,  gives  with  neutral  oxalate  of  amm< 
nia  and  with  diphosphate  of  soda,  a  moderate  precipitate;  with  carbonal 
of  sodu,  a  slight  cloud,  appearing  only  after  the  lapse  of  five  minnt 
With  30,000  parts  of  water,  the  precipitate  produced  by  the  first  two  sali 
is  scanty,  aud  the  cloud  with  carbonate  of  soda  very  slight,  appearii 
only  after  a  considerable  time.     With  100.000  parts  of  water  an  opal 
oence  is  produced  by  the  first  two  salts  after  five  uiiuutes;  by  carlAma 
of  soila,  after  a  long  while,  a  scarcely  perceptible  opalescence.     W'itI 
200.000,  400,000,  and  800,000  parts  of  water,  phosphate  and  carbonate 
of  soda  cease  to  produce  any  effect;  oxalate  of  amnumia,  on  the  contrary, 
after  5,  .and  8,  or  15  minutes,  produces  a  slight  opalescence,  scarcely  j>ercep- 
tible  with  the  last-mentioned  degree  of  dilution.  ( Lassaign",  J.  Chita.  Med.  8, 
52,'>.)     Oxalate  of  ammonia  produces  an  immediate  cloud  in  a  solution  of 
chloride  of  calcium  containing  one  part  of  lime  in  400,000  parts  of  water^H 
(Harting,  J.  pr.  Chtm.  22,  50.)     Only  the  most  concentrated  lime  sola^l 
tions  yield  a  white  flocculent  precipitate  with  ferrocyanido  of  potassium; 
and  a  crystalline  precipitate  with  iodatc  or  succinate  of  .soda,  the  hitter 
appearing  after  some  time.     The  following  reagents  give  no  precipita 
oven  iu  the  most  concentrated   lime  solutions :    jierchloric  acid,   hyd 
fluosilicic  acid,  sulphide  of  hydrogen  and  ammonium,  neutral  chromal 
and  bichromate  of  potash,  aud  ferridcyauide  of  potassium. — Lime  ali 
formit  double  salts. 
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c.  With   somo  of  tbo  earths,  forming  minerals,  gkss-fluxcs,    and 

d.  With  some  oxides  uf  t]ie  heavy  metals,  as  with  oxide  of  lead. 
t.  With  certain  organic  substances. 

B.    Peroxide  of  Calcium. 

Prepared  only  in  the  form  of  hydrate,  which  falls  down  in  very  tiue 
nales,  ivbeu  lime-water  is  mixed  with  aqueous  solution  uf  peroxide  of 
hydrogen,  or  in  excess  with  nitrate  or  hyiirochlorate  of  peroxide  of 
hydrogen.  (Thenard,  Ann.  Chim.  Phys.  8,  313.) 

Calcium  and  Carbon. 

A.   Carbonate  op   Lime. — a.  Bicarbonate. — Neutral   carbonate  of 
Ihne  exposed  to  a  moderate  red  heat   loses  only  about   half  its  acid. 
Thoroughly  burnt  lime  placed  between  sliphtly  iffuited  charcoal,  reabsorbs 
half  the  carbonic  acid  which  it  has  lost.     This  compound  loses  all  its  car- 
bonic  acid  when   Ftrong-ly  ignited  (contrary  to    the   statement  of   lime- 
r-,  who  maintain  that  half  burnt  lime  cannot  be  perfectly  burnt  by 
jueut  ignition).     It  effervesces  and  evolves  considerable  heat  with 
,,*cidi;.   (Fuchs.)     Burnt  lime,  heated   to   whiteness   in  a   porcelain   tube 
•  4rou{;li  which  carbonic  acid  is  passed,  absorbs  carbonic  acid  at  the  very 
temperature  at  which  carbonate  of  lime,  if  ignited  alone,  would  give  up  ha 
acid;    it   becomes  more  solid,    no    longer  slakes  when   moistened   with 
water,  and  effervesces  strongly  with  acids.  (Pctzlioldt.)     It  has  not  yet 
been  determined  whether  dicarbonate  or  simple  carbonate  of  lime  is  pro- 
duced by  this  jirocess. 

UydraUd  Dicarbonate. — 1.   Half-bnmt  lime  does  not  slake  with  water, 

but  i?  hardened  by  it. — 2.  Disiiile'jratrd Lime.     Well-burnt  lime,  exposeil 

lo  tlie  air,  increases  sensibly  iu  weight  during  the  first  few  days;  after 

three  mouths  it  ce.xses  to  do  so,  and  is  then  changed  into  the  compound 

mentioned  under  2. — This  compound  gives  out  much  heat  while  dissolving 

in  hydrochloric  acid.     After  strong  ignition  it  leaves  burnt  lime,  which 

^^tumbles  to  powder  when  put  into  water;  but  the  action  takes  place  slowly 

^bd  without  sensible  rise  of  temperature.     It  is  therefore  a  kind  of  deaa- 

^omt  lime.  (Fuchs,  Poijg.il,  601.) 

Anhydrous.  Hydrstcd.  Fuchs,  9. 

2C«0 56         71/9  2CbO  56         6437  (i3-8 

CO^   22         28-21  tO^ 22         2a"29  2*0 

^B  HO  9         10-34  1-2-2 

HSaoS^T"  78      100-00        CaOTSbVcoicO'       87      100^00        100-0 

i>,  Monocarbonate. — Found  abundantly  in  nature  in  the  form  of  calo- 

•par,  marble,  limestone,  stalactitic  limestone,  and  chalk;  aUo  in  oyster 

uielle,  eirj.'  «hells,  bones,  &c.   Anhydrous  lime  does  not  absorb  carbonic  ai-id, 

even  u'  .sure  to  the  air  for  a  week,  provided  no  water  has  access 

lo  it.  )     Lime-water  and  hydrate  of  lime  attract  it  with  great 

;  V.      Thio  salt  i.i  obtained  in  the  purest  stute  jmsnible,  by  diivsolving 

.  1  oyntor  shells  in  hydrochloric  acid,  prccipiliiting  the  ]iho<<ph:ito  of 

^Kuio  by  aniniiini.i,  tiltcring,  jirccipituting  with  carbonate  of  aninioniri,  .-ind 

^^■■■faing  thoroughly.     It  can  bo  obtained  iu   the  crystalline  funn,  by  a 

^ttwibod  similar  to  that  employed  for  carbonate  of  baryta.  (III.  130)  (Zoe^.'\ 
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Cubonate  of  lime  is  dimorpkouB,  and  crystallizes  in  tbo  forms 
Calcfipur   mill  Arraffdiiitc.     Tlio   crystalline    sYstem    to   which  CaJctpar  ] 
belong  i«  the  rbonibohedral,  Fi</.  141  (the  primitive  form  ia   the  obiii«> 
rhoiiil.nhe.lron),  137,  138,  139,  140,  142,  143,   146,  147,  148.  140,  l.iO. 
1  jl,   152,   154,  and  some  hiimlred  other  forms,  among  which  arc  many 
acute  and   obtuse  rhombohedrons ;   H  :  r'  in  Fig.  141  =  104'  28'  40";  r* 
:  r'or  »-»=75    31'  20  j  ;j  :  r  {Figi.  137  and  139)=  13.V;r  :  *=  127'' 
45'  40";   r  :  <7  =  135  ;  t  :  a  or  ir  :  a  —  120^:  i^  :  f»'  (^"1;;.  H"   and  148) 
=  144' 20' 26",   and  so  on.    (Hanjr.)      Ea«ily  cleft  m   the  direction  <jf  I 
the   r-surfaces.  (Fiff.    141.)      Specific   gravity   of    Iceland-spar   (.Inubia  | 
refracting  spar)  =  2717  in  vacuo  (Le  Royer  &  Dumaa),  =  2721  (Mohs), 
=  2-75  (Neumann);  of    the  moist    acute    rhombohedrou    of  ciilc«par  = 
2-6987;  of  the  raodeiately  acute  rhombohedron  (Fig.  141)  =  2.700;  of  the 
nioht  obtuse  =  27064.  (Karsten.) 

The  crystals  of  Arratjmiite  lielong  to  the  right  prismatic  system.  Fi<i, 
54  (primary  form),  55,  and  other  fonns;  t  :  «  =  107'  49';  u  ;  ««'  =  64'' 
4*;  u  :  <  =  122'  2'.  fHauy.)  Sp.  gr.  =  2-931  (Mohs),  =  2995.  (Brei- 
thaupt.)  When  gently  heated,  it  becomes  opaque  without  loss  of  weight; 
throws  out  cauliflower-like  excrescences,  and  crumbles  to  powder:  becaOM 
the  atoms  take  up  a  now  arrangement  and  unite  in  the  form  in  which 
they  exist  in  calcjiur.  (Berzcliuc,  Mitscherlich,  Pogff.  21,  157.) 

The  artificially  prepared  salt  generally  has  the  form  of  a  white  powder, 
consisting  of  small  crystalc,  which  take  the  form  and  specific  gravity  of 
calc(.{>ar  or  arragonitc,  according  to  the  circnm.stancce  under  which  they 
are  produced.  (I.,  100,  101.)  Moth  natural  and  artificial  carbonate  of 
limo  may  bo  fused  to  a  fine-grained  mass,  consis-ting  of  crystals  of  calo- 
sjiar  and  resembling  marble,  by  being  strongly  pressed  into  a  crucible, 
and  exjiosed  to  a  strong  heat;  the  loss  of  carbonic  acid  often  amonnta 
to  only  cue  per  cent.  (Hall,  Bucholj!,  X.  Gehl.  1,  271.)  Carbonate  of 
lime  is  tasteless,  and  has  a  slight  alkaline  reaction  on  vegetable  colours. 
Marble,  chulk,  or  arragonite,  in  fine  powder,  turns  reddened  litmus  blue, 
and  violet  juice  green.  (Laugier,  J.  Cliim.  Med,  6,  225;  Pleischl,  Zeittchr, 
Pky*.  T.  W.  5,  54.) 

Berthol-  Kir.  SrhafT-       Enlminn  &    Da-  Mtr. 

let.  wan.  gotach.            March.        rou.  cci. 

Calcnlition.     M.  &  K.  K.  D.           K.           D. 

C«0 28        56         53-65  55  55-RR        55-84         56        56-06  56-1 

CO'  22         44         46-35  45  44-12         4416         44         43'94  43'9 

CaO.CO*    50       100       100-00       100       100-00       10000       100       100-00      100-0 


Stroroeyer. 
D. 

C«0 56-23 

CO" 43'77 

WdUrr  .... 


Bcrzeliiu, 
Urt>. 
56-4 
43-6 


Thcoanl. 

D. 

56-68 

43-32 


Thomson. 

56-86 
43-14 


Barholz. 

D. 
56-5 
43-01 

0-51 


Richler. 

55-9 
441 


Bens- 
niAD. 
55 
.34 
111 


I 

4 


100-00 


100-0 


10000 


100  00 


1000 


100-0 


100 


D  signifies  Iceland  spar;  M.Carrara  marble;  K,  artificial  carbonate  of  lime. 
Arragonitc  generally  contains  from  5  to  4  per  cent,  of  carbonate  of  stronlia 
(Stroiiieycr,  L'ntrrtuch.  der  Miiiefalkdi-per,  98),  and  more  rarely  2  to  4  per 
cent,  of  carbonate  of  lead.   (Bottgcr,  Karsteu,  Foffff.  47,  497;  48,  35-2.) 

Carbonate  of  lime  is  decomposed  at  a  full  red  heat  into  lime  and  car- 
bonic acid;  if  vapour  of  water,  or  any  other  kind  of  vapour  or  gas  baa 
Aoceaa  to  it,  a  lower  tompcraturo  will  suffice.      If  it  be  heated  in  s 
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lube  till  it  begins  to  evolve  carbonio  acid,  tho  heat  then  lowererl  till  the 
erolution  iilmost  ceases,  and  vapour  of  water  pasHcJ  tlirough  the  tube,  the 
evolution  of  carbonic  acid  innneiiiatcly  recommences,  but  \s  arrested  as 
often  as  the  current  of  vapour  is  cut  ofi".  Tho  aqueous  vapour  drives 
out  the  atmosphere  of  carbonic  acid  gas  which  surrounds  the  carbonate  of 
lime;  and,  by  its  pressure,  hinders  the  evolution  of  carbonic  acid  [or,  accord- 
ing to  tlie  other  view  (I.,  21,  22,  aTid  125,  12G),  the  adhesion  of  the 
mqueous  vapour  to  tho  carbonic  acid  gas  favours  its  evolution].  A  cur- 
rent of  air  acts  in  the  same  manner  as  i<tcam.  Moistening  the  lime- 
stone with  water,  however,  does  not  accelerate  its  burning,  but  rather 
retards  it  and  wastes  tho  fuel,  because  most  of  the  water  evaporates 
before  the  evolution  of  carbonic  acid  commences.  (Gay-Luesac,  Ann. 
Ckim.  Fhys.  63,  219;  also^inji.  Phaifn.  22,  52;  alsoJ.pr.  Chtm.  11,  244.) 
A  mixture  of  equal  parts  of  carbonate  of  lime  and  powdered  quartz, 
exposed  to  a  white  heat  for  three-quarters  of  an  hour  in  a  loosely 
covered  cmcihle,  yields,  after  being  moistened,  a  highly  alkaline  moss, 
from  which  hvdrochloric  acid  dissolves,  together  with  the  limo,  a  largo 
quantity  of  silica  which  had  combined  with  the  lime.  But  when  the  same 
mixture  is  put  into  a  strong  wrought-iron  bottle — the  bottle  being  com- 
pletely filled  with  it,  and  closely  screwed  down — and  exposed  for  an  hour 
»nd  a  half  to  tho  heat  of  a  blacksmith's  forge, — a  greyish  white  pow<ler  ia 
obtained,  which,  when  moistened,  scarcely  reddens  turmeric,  and  dissolves 
iu  hydrochloric  acid,  with  rapid  evolution  of  carbonic  acid,  leaving  nearly 
all  the  quartz  behind.  (Pctzholdt,  y.  pr.  Chem.  17,  4tl4;  compare  Vol, 
I.,  128.)  2  parts  of  powdered  carbonate  of  lime  disposed  iu  alternate 
layers  in  a  glass  tube  with  one  part  of  sodium,  aud  heated,  yields  with 
vivid  intlammation,  a  black  mass,  which  leaves  a  residue  of  carbon  when 
treatctl  with  hydrochloric  acid.  (Gay-Lussac  &  Thfnard,  Recherch.  1,  364; 
DSbercincr,  N.  Br.  Arch.  18,  155.)  A  concentrated  solutiou  of  potnt-li 
withdraws  carbonic  acid  from  lime.  (Liebig,  Pogg.  24,  366.)  Carbonate 
of  lime  dissolves  in  ar|aeoH8  solutions  of  ammoniacal  salts,  and  less  readily 
in  salts  of  potash.  Carbonate  of  lime  just  precipitated  (amorphous),  dis- 
■oItvs  easily  in  a  cold  concentrated  solution  of  «il-ammoni.xc;  butafter  being 
precipitated  24  hours,  it  dissolves  with  difBcully;  pulverized  calcspar  or 
marble  is  still  less  soluble.  These  solutions  become  turbid  in  the  air,  but 
do  not  deposit  tho  whole  of  the  lime  which  they  contain.  (A.  Vogol,  J. 
pr.  Chrm.  7,  453.)  Recently  precipitated  carbonate  of  lime  is  readily 
soluble  in  an  aqueous  solution  of  carbonate,  sulphutc,  hydrochlorato, 
nitrate,  or  succinate  of  ammonia;  tho  solution  in  the  Cr.»t-mt"ntioned  salt 
becomes  turbid  immediately  (one  jiart  of  lime-salt  requiring  for  permiv- 
ncnt  •olutioo,  65,246  parts  of  carbonate  of  ammonia) ;  the  t^olution  iu 
the  others  remains  clear.  When  the  precijiitated  carbonate  of  limo  has 
Mnimed  a  crystalline  form  from  long  standing,  it  gives  only  turbid  solu- 
tions with  the  above-mentioned  salts,  even  with  the  aid  of  bent.  (Witt- 
»t«in,  Hfpert.  37,  18.)  One  atom  of  carbonate  of  lime  Ixjiled  in  water 
for  a  couniderable  time  with  one  atom  of  sal-ammoniac — the  water  which 
Cva|>omles  being  constantly  renewed — is  almost  entirely  dissolved,  with 
erolution  of  carbonate  of  ammonia,  tho  solution  ultimately  retaining  but 
a  (mail  quantity  of  amuionia.  (D.  Smith.)  Lime-water  rendered  turbid 
I'T  rnrbonic  acid,  again  becomes  clear  on  the  addition  of  sulphate  of  pot- 
ash or  chlori<lo  of  potiuisium.  (G.  Morveau  )  In  pure  water,  carbonate 
of  lime  is  but  very  slightly  soluble;  but  ilissolvcd  more  readily  in  cold 
water  than  in  hot.  If  Frcsenius  states  {Ann.  P/iarm.  5H,  117^,  that  one 
|«tt  of  carbonate  of  lime  is  soluble  iu  8834  patl«  u{  l>ovUn^y(wteT,«.Tvl 
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only  in  10,601  parts  of  water  at  ordinary  temperatures.  IT  The  solution 
Las  a  sligLt  alkuline  reaction.  Water  boiled  with  pounded  niarbic  or 
chalk  turns  reddened  litmus  blue.  (Laugier,  Pleischl.)  If  lime-water  \a 
precipitated  with  a  quantity  of  carbonic  acid  less  than  sufficient  for  salu- 
ratioii,  the  filtrate,  when  boiled  out  of  contact  of  air,  deposits  an  additional  ^f 
quantity  of  carbonate  of  lime.  (A.  Vogel,  Schtc.  33,  207.)  ^M 

Bydrated  Cai-boiiate  of  Lime. — ^  Found  native  by  Schcerer  (/'o^^S 
58,  382),  in  a  running  stream,  in  the  form  of  small  rhombohedral  crystal^  B 
which,  after  drying  between  folds  of  bibulous  paper,  contained  48  perceiit..^^ 
of  water,  the  remaining  portion  contsitting  of  carbonate  of  lime  witlt^| 
small  quantities  of  magnesia,  silica,  alumina,  iron,  and  organic  matter. 
The  formula  for  this  compound  would  be  CaO,  CO'  -I-  5Aq.  T     1.  The 
liquid  obtained  by  boiling  about  one  part  of  lime  and  3  parts  of  sugar  in 
C  parts  of  water — after  exposure   to  the  air  for  some  months  in  a  cold 
place — deposits  crystals  which  may  be  washed  with  cold  water.     Similar 
results  are  obtained  with  solutions  of  lime  in  sugar  of  milk,  gam,  or  starch 
water.  (Pelouzc,  Ann.  Chim.  I'Injs.  48,301;    also  Pogg.  24,   575;  also 
Ann.  I'harm.  2,  228.)     2.  A  solution  of  limo  in  sugar  and  water,  expoied 
to  the  iufluence  of  a  galvanic  battery  of  12  pair  of  plates,  deposits  the 
same  crystals  on  the  positive  platinum  electrode.  (Becquerel.)     3.   lo  the 
copper  tube  of  a  pump,  crystals  of  the  same  kind  were  deposited  from  the 
spring  water.  (Priuce  of  Salra-Horstmar.) 

Very  acute  rhombohedrons,  of  specific  gravity  1'783;  tasteless 
(Pclouze);  rhombic  prisms  with  dihedral  summits,  as  in  arragonite.  Fig. 
54;  «  :  u  =  83  to  84"  nearly  (Becquerel);  irregular  six-sided  prisms  of 
specific  gravity  1'75.  (Salm-Horstmar.) 

The  salt  dried  in  the  air  is  reduced  to  a  jjosty  consistence  by  rubbing 
in  a  mortar,  but  again  becomes  dry  if  the  operation  bo  long  coutinned; 
it  becomes  opaque  in  the  air  at  a  temperature  above  19'',  and  crumbles  to 
0.  white  powder;  under  water  it  remains  unchanged  below  17'.^' ;  but- 
close  upon  19",  it  crumbles  to  the  same  white  powder.  (Salm-Horstmar.) 
It  loses  its  water  between  20^  and  30',  and  becomes  doughy;  but  below 
SO'*  it  remains  unaltered  in  the  air.  In  water  or  ether  at  30°  it  crum- 
bles to  a  fine,  chalky  powder.  Boiling  bydrated  alcohol  withdraws 
the  water  from  it  entirely;  but  boiling  absolute  alcohol  deprives  it 
uf  only  2  atoms  of  water :  the  crystals  do  not  lose  their  form  in  this 
process,  but  become  disintegrated;  and  if  dried  at  5°  still  retain  34-8 
per  cent.  (3  At.)  of  water;  when  exposed  to  the  air,  they  rapidly  efflo- 
resce. (Pelouze.) 

CalcuUtion.  Peloaxc.  Stlm-Hontmar. 

C«0.„ 28     ....     29-471  ,,..„  .29-54 

C0»..„.. ™,     22     ....     23-16/  •         "•'"  ■         1l8-40 

5HO 45     ....     47-37  ....         47-08  ....           47-38 

Impurities    3-30 

L  CaO,  CO>  +  SAq.       95     ....  10000        ....        10000        ....  98-60, 

W       e.  Acid  Salt. — Carbonate  of  limo   dissolves  in  anucous  solutio^TF 
karbonic  acid.     Saturated  lime-water  is  rendered  turbid  by  carbonic  acid 
Mas;  but  on  passing  more  of  the  gas  through  it,  the  opacity  nearly  dis- 
pSppears;  more  water,  however,  must  be  addeil   in   order  to  obtain  a  per- 
fectly clear  solution.      Bicarbou.ite  of  ammonia,   potash,  or  soda  precipiJ 
tates  lime-salts ;  but  less  completely  in  proportion  as  the  quantity  of  watoB 
present  is  greater.  ( Val.  Rose,  iV.  Gehl.  3.  548.)     This  compound  reddenfl 
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litmus,  but  turns  logwood  and  mallows  blue,  and  turmeric  or  rhubarb, 
brown,  even  wLen  the  carbonic  at-id  is  in  large  excess  (Morvcan,  Dalton, 
Pfaff,  ^cAu-.  34,122).  It  turns  reddened  litmus  blue.  (Plcischl,  ZW<«cAr. 
PAt/i.  V.  W.  5,  57.)  When  free  from  exce.8s  of  carbonic  acid,  it  turns 
litmus  and  mallows  blue,  but  does  not  redden  turmeric;  with  excess  of 
carbouic  acid  it  tum.s  mallows  blue,  but  litmus  red.  (Gm.)  It  evolves 
carbonic  acid  by  exposure  to  the  air  or  when  heated  to  the  boiling  point, 
monocarbonate  of  lime  being  precipitated;  Boiler  incruUaliont  (AV*- 
leUtein). 

Calcium  and  Boron. 

Borate  op  Lime. — Borax  gives  with  lime-water  a  white,  tasteless 
precipitate  difficultly  suluble  in  water.  (Bergman,  Opu«c.  3,  363.)  Borax 
precipitates  solutions  of  lime-salts  when  not  too  dilute.  When  a  solution 
of  Itomx  is  added  to  a  warm  solution  of  chloride  of  calcium,  the  precipitate 
6rsl  formed  always  re-dissolves;  with  a  large  quantity  of  borax  solution 
it  remains  permanent,  and  unites  together  in  a  soft  mass.  (Bertelius.) 
The  precipitate  fu.^es  in  the  fire  to  a  gloss.  It  is  scarcely  soluble  in  pure 
Wftter,  but  readily  dissolves  in  water  containing  sal-ammoniac  or  chloride 
of  calcium.  Sex-boratc  of  potash  also  precipitates  lime-salts.  (Laurent.) 
Probably  the  borate,  bibonite,  and  sexbomte  of  lime  have  yet  to  bo 
distinguished.  The  precipitate  which  nitrate  of  lime  gives  with  borax 
is  bilHiralc  of  lime,  and  has,  according  to  Tiinncrmann  {K(Utfi.  Arch.  20, 
50),  the  following  composition  : 


c»o 

2B0' 

Ignited. 
280    ....      28-69      .. 
696    ....       71-31 

Tunnennann, 

30-17 

69-83 

C«0.2B0» 
c»o    

97-6     ....     10000 

Dried  in  the  air. 
..     280     ....      26-27 
..     69-6     ....       C5-29 

9-0     ....         8-44 

100-00 

Tunnennann 
26-4 

2BO' 

HO   

61-1 

12-5 

+  HO  

..   106-6     ....     10000 

100-0 

RhodizUe  also  appears  to  consist  of  borate  of  lime.  ( Yid,  G.  Rose, 
Pogif.  33,  253  ;  and  30,  321.) 


Calcium  and  Phosphorus. 

A.  Phosphide  op  Calcium. — Formerly  called  Phosphuret  of  Lime. — 
Obtained  mixed  with  pho.sphatc  of  lime,  by  bringing  together  phitspho- 
ms  and  lime  at  a  low  red  heat.  According  to  Dumas  {Ann.  Chivi.  J'hi/t. 
33,  363),  28  parts  (I  atom)  of  red-hot  lime  take  up  at  most  10  parts 
(4  atom)  of  jiliosphorus.  Since,  however,  according  to  H.  Rose,  an  ad- 
mixture of  uncombined  lime  is  scarcely  to  be  avoided — l)ecuu8e  the 
compound  again  loses  part  of  its  phosphorus  when  too  strongly  healed — 
we  may  jjeriiajw  assume  that  8  atoms  of  lime  require  6  atoms  of  pboa- 
pboru^  fur  complete  saturation.  The  following  formula  would  coincide 
witb  this  supposition : 

8C«0  <■  CP  =  3C«0,cP0»+  SCaP. 
One  part  of  dry  ]dio8j>boru8  is  placed  at  the  cloned  oud  o(  «k  ^«»a  VcXin^ 
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an<l  S  pnrU  of  well-barnt  lime  in  amall  pieces  in  the  middle  :  this  por- 
tion of  the  tube  is  gently  ignited,  and  when  the  lime  is  at  •  low  red 
heat,  the  |iho8phoriiH  is  made  to  boil.  The  vapour  of  the  phosphura«  is 
absorbed  by  the  liuie  with  vivid  incandescence.  (Pearson.)  Von  Moi 
projects  phM^ipburufi  into  a  heated  glass  flask  contaiuiug  ]>owdered  limi 
The  variety  wliith  contains  Uie  larger  quantity  of  j'hosphortis  is  blac" 
bat  h%4  no  metallic  luetr«;  thai  which  contains  the  smaller  quantity 
rcddish-browB.  The  black  variety,  when  gently  ignited  cut  of  contact 
of  air,  loses  part  of  its  phosphorus,  and  is  converted  into  the  brown: 
in  un  atmosphere  of  hydrogen,  tbo  change  tdkcs  place  at  a  much  lower 
teinperuture.  Both  varieties  lose  all  their  phosphorus  at  a  strong 
beat,  and  leave  pure  lime.  (H.  Kosc,  I'offi/.  12,  543.)  This  is  an  instani 
of  reciprocal  affinity  arising  from  the  increasing  affinity  of  heat  for  ph 
phorus  lit  a  higher  temperature.  The  mixture  bums  wben  heated  in  tl 
oir  and  forms  phosphate  of  lime.  It  causes  bypochlorous  acid  gas 
explode  at  ordinary  temperatures,  and  is  converted  by  aqueous  hypochl 
rous  acid  into  pho.«phato  of  lime,  with  evolution  of  chlorine.  ("Balard. 
In  a  current  of  chlorine  gas  it  yields  pentachluridc  of  phosphorus,  cblori 
of  calcium,  phosphate  of  lime  and  free  lime  (previously'  contained  in  the' 
mixture).  (Dumas,  H.  Rose.)  Heated  in  a  flask  with  excess  of  sulphur, 
till  nil  tlie  sulphur  wliicb  does  not  enter  into  combination  is  volatilized.  il^M 
leaves  sulphide  uf  culcium,  phosphate  of  lime,  and  sulphate  of  lime  (thi^^l 
last  is  produced  by  the  action  of  the  free  lime  on  the  sulphide  of  cal- 
cium; //.  licuf.)  With  water  it  is  decomposed  with  violent  efl"ervescenco 
into  spontaneously  iutlammable  phosphuretted  hydrogen  gas,  and  hypo- 
phosphite  and  phoRphatc  of  lime.  Tbo  monophogphidc  of  calcium  assumed 
to  lie  present  in  the  compound,  together  with  phosphate  of  liine,  is  evi- 
dently decomposed  thus : — 

2C«P  +  3HO  =  2CO,  PO  +  PH*. 

The  mixtnre  decomposes  slowly  in  the  air  in  precisely  the 
manner,  emitting  phosphuretted  hydrogen  gas.     With  concentrated  h 
drochloric  acid  it  deposits  phosphorus,  and  evolves  difficultly  inflamniah 
phosphuretted  hydrogen  gas,  sometimes  pure,   sometimes   contaniinnt 
with  from  one  to  five  per  cent,  of  hydrogen  gas;  with  dilute  hydrochlL 
ric  acid  it  yields  i)ure  phosphuretted  hydrogen  gas,  but  more  slowly  au< 
with  less  heat.  (Duma^.)     Possibly  in  this  manner  : 

3C.P  +  sua  =  3C«C1  +  PH»  +  2P. 


Powdered    lime   stirred   up  with   phosphorus    in   a  glass  flask   at 
temperature  of  about   150°,  yields  a  yellow  powder  which  inflames  spon 
taneously  in  the  air,  thus  answering  the  purpose  of  a  match.     Probably 
a  mere  mixture  of  lime  and  phosphorus. 

B.  HvpopnospniTB  of  Lime. — 1.    Phosphorus  is  thrown  gradanllj 
in  small  jiicco.'?   into  boiling  milk  of  lime,    the   water  which  evaporate 
being  rcplnced  an<I  the  ebullition  kept  uuder  till  the  phosphorns  has  dii 
appeared,  and  the  strong  smell  of  phosphuretted  hydrogen  gas  has  passe 
ofl";  the  filtrate  is  then  freed  from  excess  of  lime  by  passing  curbonid 
acid  through  it;  the  acid  carbonate  of  lime  formed  is  decomposed  by  (' 
gentle  beat;  and  the  filtered  solution  evaporated  either   in  >'acuo  over  ofl 
of  vitriol,  or  in  the  air  with  the  aid  of  beat.     The  latter  method  yielif 
finer  crystals;  but  these,  on  dissolving  in  water,  deposit  a  white  powda 
consisting  partly  of  phosphate  of  lime.  (H.  Rose,  I'Oj/ff.  9,  384;  12.  i0j 
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Tbe  DiiLk  of  lime  isveiy  apt  to  boil  over  with  tbopliospIioruB;  it  muet,  liow- 
ever,  be  kept  constantly  at  tbe  boiling  point;  because  if  it  be  allowed  to 
cool,  air  will  enter  the  vessel  nml  explode  with  the  phosphurctted  hydro- 
BD.  Tbe  crystals  are  obtained  by  evaporation.  (Wurtr,  Ann.  Pharm. 
13,  322.) — 2.  PhoHphide  of  calciam  is  decomposed  by  boiling  water — 
ligeateii  for  some  time — and  tbe  filtrate  treated  with  carbonic  acid,  &c., 
l^as  in  the  first  method;  the  crystals  are  obtained  by  slow  evaporation. 
(Burhmann,  ZeiUchr.  Phy$.  Hath.  3,  21.) 

Colourless  rectangular  prisms  with  terminal  faces  obliquely  inclined 
\Ut  tbe  two  broad  lateral  face.i;  easily  cleft  in  the  direction  of  the  broad 
Llateral  faces.  These  faces  have  a  strong  pearly  lustre,  whereas  the  others 
jwhich  arc  less  smooth  are  of  a  glassy  lustre.  It  is  more  flexible  than 
Igypsum.  (H.  Rose.)  It  belongs  to  the  obliijue  prismatic  system,  forming 
I  oblique  irregular  six-sided  prisma  {Fig.  1U3,  without  the  m-faoe)  which  are 
permaDent  in  the  air.  (Wurtz.)    Hasauauseous  bitter  taste.  (Bachmann.) 

Cryitallized.  Wurtx.  Bachinnnn.  H,  Ro>e. 

I     CiO 280     ....     3279  3a-06  ....     31-7 

to    39-4     ....     4G13  4b-9t 

anO     180     ....     2108  2100  ....     20-1     .„■    1876  to  22-18 

C»0,2H0,P0  ..     85-4     ....  100-00     10000 

The   crystals  analysed  by  Bachmann  were  dried  at  a   temperature 

above  100°;  he  fouml  them,  at  the  same  time,  to  contain  34-8  per  cent,  of 

phosphorus   and    13'4  per  cent,  of  oxygen.      The  crystals  obtained   iu 

vacuo  yielded  in  H.  Rose's  experiments  2-2-18  per  cent,  of  water;  those 

obtained  by  ordinary  evuporation,  little  more  than   18  per  cent.     Rose 

rcg.inls  jtart  of  this  water  as   mechanically  combined,  and  supposes  the 

I  crystals  to  contain  only  lA  atom  of  chemically  combined  water. 

I       Tbe  crystals  do  not   lose  any  water  at  300^  (Wurtz.)     Heated  to 

[tednee*  in  a  retort,  they  decrepitate,  evolve  water,  and  afterwards  give 

[  off  spontaneously  inflammable  phosphurctted  liydrngen  gas,  which,  towards 

\  the  end  of  the  process  becomes  difficultly  inflammable  from  being  partially 

I  drcomposcd  by  a  portion  of  j)hosphorus  which  sublimes.     A  reddish  kin<l 

of  rcsiiluc  is  left,  amounting  to  79'd7  per  cent.,  and  containing  2  atoina 

of  lime  with  rather  more  than  1  atom  of  phosphoric  acid,  together  with  a 

email  quautity  of  oxide  of  phosphorus.  (U.  Rose.) 

2(CaO,  PO.  2H0)  =  2CO,  PO*  +  PH'  +  HO. 

I       That  rather  more  than  half  of  the  phosphorus  should  remain  behiad  with 

I  Uic  lime  in  the  form  of  phosphoric  acid  is  accounted  for  by  H.  Rose,  on  the 

Ituppovition  that  the  air  in  the  retort  causes  the  formation   of  a  ])ortion  of 

phosphoric  acid,     More  than   I    atom  of  water  appears  also  to  bo  do- 

compohed;  for,  according  to  Wurtx,  but  little  water  pas.sos  over;  and  the 

jihoiij)liaretted  hydrogen  gas  evolved  is  mixed  with  about  an  equal  volume 

I  of  hydrogen,  which  at  last  comes  over  nearly  pure.    The  crystals  oxidized 

bv  nipans  of  nitric  acid  leave,  after  ignition,  114-68  jjcr  cent,  of  mcta* 

pliosphatv  of  limu.  (H.Rose.)     The  salt  inflames  when  a  small  quantity 

[of  fuming  nitric  acid  is  poured  on  it;  detonates  with  a  mixture  of  chlo- 

[nite  of  jjotash  and  powdered  i|uartz.  and  instiiutly  reduces  nitrate  of  *il- 

[Tur.   (Rmrhmann.)     It  is  soluble  in  0  parts  of  cold,  and  not  much  less  of 

lltct  water.  (VN'urlz,  H.  Rose.)     It  is  not  dissolved  by  strong  :ilcobol,  and 

rti^Tj  Kparingly  when  the  alcohol  is  dilute.  (H.  Rose.) 

I       f     ''  iTE     OF    Li.ME. — Separates    on     mixing    an    at^ueous 

Itulu  ite  of  amuiouia,  with  uhluride  o(  ca\c\UM\,  «»  tw  '<K\k\>A 
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crystalline  cmst,  but  not  till  after  some  time.  (H.  Rose.)     CijstallU 
from  an  aqaeous  solution  by  slow  evaporation.  (Dulong.)    When  ignit 
evolves  pure  byilrogen  gaa,  with  a  trace  of  water,  and  leaves  diphos] 
of  lime  of  a  brownish  colour.  (H.  Rose,  Potjr/.  .0,  26.')     An  aqueous  solt 
tion  is  decomposed  by  boiling  into  a  precipitated  basic  salt  [  trinhoephite  ll 
of  a  pearly  lustre,  and  a  difiicnltly  crystallizable  acid  salt  [monopho»-| 
phite?]  which  remains  dissolved.  (DnJong.) 

CalcoUtion.  according  to  U.  Rose. 

2C»0    56-0    43-28 

PO*  55'4     4281 

2HO „ 18-0    13-91 


2C«0,  PC.aHO    ....  129-4 


100-00 


D.  ORDWARr  Pdosphate  op  Li.me. — a.  Tri-pliotphaU. — Bone  Earti  _ 
Animal  Earth. — Found  in  combination  with  chloride  or  fluoride  of  cal- 
cium in  apatite,  and  mixed  with  carbonate  of  lime,  &c.  in  the  asbcs  of_ 
bones  and  many  other  animal  and  vegetable  substances. — Freparation.- 
1.  Chloride  of  calcium  mixed  in  solution  with  ammonia  is  prccipit-ntc 
by  dipho.sphate  of  ammonia.  (Fuchs.) — 2.  Chloride  of  calcium  is  precipS 
latod  by  excess  of  diphosphate  of  ammonia  or  soda.     In  this  case,  tb^ 
supemntnnt  liquid  becomes  acid  from  the  formation  of  monophosphate  i 
aiiinioaia  or  soda. 

3(C»0,  IICl)  +  2(2NH>,  PO»)  =  3C«0,  PO'  +  3(NH>.  HO)  +  NIP.  PO», 

(Mitseherlich.) — 3.  Bone-ash  is  dissolved  in  hydrochloric  or  nitric  acid,  the 
carbonic  acid  expelled  by  boiling,  and  then  the  solution  precipitated  by 
ammonia.     The   precipitate  forms  io   very   voluminous   and  golatino 
flakes,  and  when  dried  after  washing,  cakes  together  in  a  white  amorpboi 
mass,  (if  conchoidal  fracture.     According  to  Saussure,  it  fuses  at  37' 
U'edgw.  to  a  substance  resembling  porcelain. 

Calculation.  Berzelius.  Faehs.  Thileoin*. 


I 


SCaO    

fPO» 

.    84-0    . 
.     71-4     . 

..     5405     .... 
..     45-95     .... 

...       51-68     .... 
...       48-32     .... 

...       54-35     .... 
...       45-65     .... 

...       57-44 
...       42-56 

3Ca0.cPO». 

.  155-4     . 

..   100-00     .... 

...     lOOOO     .... 

....     100-00    .... 

...     lUOOO 

Berzelius  regards  this  salt  as  8CaO,  3P0S  and  states  that  the  triph 
phate  can  only  be  obtained  by  digesting  it  with  caustic  soda  (and  not  wi 
ammonia)  or  by  precipitating  chloride  of  calcium  with  triphosrphato 
soda.    H  In  a  more  recent  examination,  Berzelius  (Ann.  Phnrm.  53,  286j 
has  arrived  at  the  following  results:  1.  When  a  solution  of  phosphate  ol 
ammonia  super.'avturatcd  with  ammonia,  is  treated  with  a  solution  of  chlo- 
ride of  calcium  till  about  half  the  jihosphoric  acid  is  precipitated,  the  p: 
cipitate  formed  contains  51-203  percent,  of  lime,  which  corresponds  to  tl 
formula  SCaO,  3P0'. — 2.  On  atlding  an  excess  of  chloride  of  calcium 
the  filtrate,  and  leaving  the  precipitate  obtained  in  contact  with  the  sol 
tion  for  24  hours  before  fillcring,  the  compound  is  found  to  cont.iin  .53-; 
per  cent,  of  lime,  which  nearly  corresponds  with  the  formula  3CaO,  PC. 
3.  When  a  solution  of  chloride  of  c.ilciura  is  mixed  with  excess  of  ammonia, 
and  a  quantity  of  phosphate  uf  ammonia  added  insufficient  to  precipitate  tho 
whole  of  the  lime,  the  precipitate  consists  of  3CaO,  P0\    Tbis  precipilal 
is  less  gelatinous,  and  nearly  twice  as  opaque  as  tho  preceding;  whoi 
dried  and  ignited  it  has  an  earthy  fracture,  that  of  the  former  beiug  liardej 
and  somewhat  brilliant.     Hence  Berzelius  conclude;^  that  tho  coniposl 
tioa  of  the  pliospfaato  of  limo  in  bonca  must  be  a  eubjoct  of  uncvrtuiutin 
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inosmut^h  as  both  the  preoediug  phosphates  of  lime  would  be  procipitatod, 
aatiin  variable  proportions,  on  adding  ammonia  in  excess  ton  solution  of  the 
>K>np-oarth  in  hydrochloric  acid.  H  Fuchs  {^6'chw.  24,  124)  l)y  diusolvinj; 
irts  of  Iceland  spar  in  hydrochloric  acid,  and  precipiuting  with 
iiate  of  ammonia  and  excess  of  ammonia,  obtained  after  i^rnilion 
lOiiOi  i<atts  of  phosphate  of  lime;  this  salt,  therefore — a^isuming  56  per 
cent,  of  lime  in  the  calc-fpar— contained  54'35  percent,  of  lime  (56*4  would 
give  54-74  per  cent.;  see  also  Mitscherlich,  Lehrb.  2,  13.'>.) 

The  salt  gently  heated  with  potassium  yields  a.  phosphide  of  the  metal, 
which  evolves  phosphuretted  hydrogen  gas  when  moistonod  with  acidu- 
lated water.  (Vauiiuclin  &  Thenard,  J.  Chim.  Med.  1,  17.) — A  mixture 
of  phosphate  of  lime  with  silica  and  charcoal  ia  resolved  at  a,  white 

' 'iito  silicate  of  lime,  phosphorus,  and  carbonic  oxide.     10  parts  of 

iiiito  of  lime  heated  to  whiteness  with  5  parts  of  quartz  and  .5  parts 
ni  ciny  in  a  charcoal  crucible,  evolve  3  parts  of  phosphorus,  amounting  to 
aboat  5  of  the  whole;  the  quantity  evolved  increases  in  proportion  to  the 
aiDoaot  of  silica  employed.  (Berthier,  Ann.  Chim.  Phys.  3.3,  179.)  Ujioti 
tbi«  is  founded  Wohier's  method  of  preparing  phosphorus  (II,,  104).  The 
•sme  fact  explains  the  observation  of  Saussuro,  vb.,  that  phosphate  of 
lime  mixed  with  charcoal,  at  a  white  heat,  evolves  phosphoru.s;  the  silica 
contained  ia  the  charcoal  and  the  retort  doubtless  aiding  in  its  disen- 
gmg«n>eut. 

When  digested  with  dilute  auljdiuric  acid,  the  snlt  swells  up  and  is 
remlvcd  into  .^ulphato  of  lime,  and  a  soluble  compound  of  phosphoric  acid 
with  a  small  quantity  of  lime,  or  free  phosphoric  iicid,  according  to  the 
proportion  of  sulphuric  acid  employe<l. — 1554  parts  (one  At.)  of  triphos- 
|4mt«  of  lime  with  98  parts  (2  At)  of  oil  of  vitriol,  yield  sulphate  and 
nto&ophosphate  of  lime — 

3CaO.PO»  +  2803  =  2(CaO,  S0»)  +  CaCPO*; 

with  J  4 7  parts  (3  At.)  of  oil  of  vitriol,  sulphate  of  lime  and  free  phospho- 
ric »ci<l  are  the  result. 

3C«0.  PO»  +  3Sa>  =  3(C«0,  S0»)  +  PO». 

A  iKjrtion  of  gypsum,  however,  remains  dissolved  in  the  phosphoric  acid 
•ot  free,  its  quantity  increaaing  with  the  amount  of  water  present;  but 
it  may  he  precipitated,  by  a  large  a<hlition  of  alcohol  {vid.  II.,  129). 
Dubereincr  and  Berzelius  have  shown  that  the  lime  may  be  totally  sepa- 
mtMl  from  the  phosphoric  acid  by  the  a<lJilion  of  a  sutlicient  quantity  of 
•ulphoric  acid.  Hydrochloric  and  nitric  acids  readily  dissolve  triphos- 
phate of  lime,  converting  it  at  the  same  time  into  the  monophosph.ite  by 
willidrawing  2  atoms  of  lime.  Crum  (..Inn.  Pharm.  G3,  394)  has  extended 
thi<  observation  likewise  to  many  of  the  vegetable  acids,  as  the  tartaric, 
■Mtic,  malic,  and  liictic  acids,  with  the  same  results.  From  this  solution, 
Metate  of  lead  precipitates  the  phosphoric  acid  as  phosphate  of  Icjul 
(accompanied  by  chloride  of  lead  when  hydrochloric  acid  is  employed). 
Glacial  acetic  acid  precipitates  monophosphate  of  lime  from  a  solution  of 
lito  «alt  in  nitric  aeid,  nitrate  of  lime  remaining  in  solution.  (Persoz,  Chim. 
Moleeul.  346.) 

1.   :.....  f  potefTt  of  hydrochloric  and  nitric  aeUl*  of  different  dfffree*  of 

'  17"  according  to  G.  Bi*cJtt>f  {Sckie.  67,39). — <J.  One  i>art  of 

-  -id  of  specific  gravity  1  •  I  ."»3  is  mixed  with  the  quantities  of 

,  similarly,  one  part  of  nitric  acid  of  specific  gravity  r23. 

irt  .if  lime-Hult,  if  addcfl  in  excess,  is  dissolved  by  the  stated 

!  the  ituxture. — c.  100  parts  of  hydrocWom  im:\A  mI  «\««i\Sv«. 
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grayity  1*153,  and  100  parta  of  nitria  acid  of  specific  gnrity  1-23,  kLbm 
solve  the  folluwing  quautiliea  of  the  lime-talt  aoconiing  to  tlieir  def^re^  ai 
dilution. 


Hydmrhloric  Add. 

Nitrio  Acid. 

m 

a. 

h. 

c 

o. 

b. 

M 

ruKof 

PvtauflhB 

Put*  or 

ruKor 

fxrUoltha 

Futt</IW 

Wklor. 

Mutore 

lime-SkU 

W«llT 

MUtoR- 

LwcML 

e 

395 

25-32 

0-000 

•2-72 

36-7« 

1 

*U 

45-01 

0-827 

4-23 

43-23 

« 

8-12 

fiZ-.lI 

3-309 

10-25 

42-05 

7 

12-35 

r.4-75 

5-791 

15-45 

43-96 

10 

15-97 

f.8-90 

8-273 

20-34 

45-59 

U 

19-47 

71-91 

10-000 

20-82 

52-83 

l« 

24-41 

69-55 

10-756 

30  64 

56-94 

1» 

28-68 

69-72 

13-000 

26-48 

52-M 

13-23« 

32-14 

44-3« 

15-718 

36-06 

46-37 

40000 

127-81 

37-08 

7 


J72-S  parts  (2  At.)  of  uiihydroua  hydroclilnrio  acid  should  decompocei 
uinNulve  16.0-4  parts  (ouo  At.)  uf  the  lime-salt. 

3CaO.  PO»  +  2HC1  =  C«0.  PO»  +  2(CaO,  HQ)  : 

100  parts  of  a(|UL'ouis  IiyJrocbloric  acid  of  specific  gravity  1-153  com 
30-9  parts  of  atiliydrous  acid;  72-8  :  155-4  =  30-9  :C6;  100  parts  of 
aqaeous  acid  (if  specific  gravity  1-153  should  therefore,  when  ililutisl 
any  extent,  dissolve  06  parfs  of  the  lime-salt.     With  this,  the  divinoi 
BOcords  upon  tbo  whole ;  but  why  the  acid  when  nio<leratcly  diluted  shoal 
dissolve  more,  and  when  not  diluted  so  much  less  than  6C  parts,  remaii 
to  be  explained.     Similar  results  are  obtiiincd  with  nitric  acid  :   108 
(2  At.)  of  anhydrous  aoiil  should  decompose  155-4  parts  of  the  salt;  1 
parts  of  acid  of  specific  gravity  1-23  contain  31  {mrts  of  the  real  acid; 
108:  155-4  =  31  :  445.] 

Phosphate  of  lime  is  slightly  soluble  in  aqueons  solutions  of 
niacal  salts.     The  recently  jirecipitated  salt  is  dissolved  in  small  ijuantil 
by  cold  water  contjiining  sal-anuuouiac  (Wiihler,  I'ogy.  4,  166) ;  also  bj 
waler  containing  nitrate  or  succinate  of  ammonia.  (Wittstein.)    Even 
anbyilrous  salt  is  dissolved  by  long  boiling  with  solution  of  hydrochloi 
nitrate,  or  succinate  of  ammonia  ( Hiinefeld,  Arch.  /.  </.  mnl.  Erfahy.  18! 
520;  Wittstein);  in  this  case  ammonia  is  doubtless  evolved. 

3C»0,P0»  +  2(NH»,HC1)  =  CaO.PO  +  2(C«0,  IICl)  +  2NH», 
Delkeskamp  {Crdl.  Ann.  1798,  2,  226)  found  that  phosphate  of  lime 
boiled  for  several  hours  with  sulphate  of  ammonia,  was  converted  inti> 
sulphate  of  lime,  while  |)hospborie  acid  passed  into  the  solution  ;  this  was 
also  confirmed  by  Morveau.  (J.  J'o/i/lecJni.  C'tih.  3,  434.)  fit  is  not, 
bowever,  a  case  of  decomposition  by  double  alEnity;  but  sulphate  atid 
soluble  monophosphate  of  lime  are  prixluced  and  ammonia  evolve<l]. — 
Pliosphate  of  lime  is  also  sparingly  soluble  in  water  holding  common  siU 
in  solution.  (Thomson,  Ann.  Phil.  17,  12.)  Wbcu  recently  precipitat< 
it  is  also  soluble  to  a  very  slight  extent  in  pure  water,  so  that  the  liqi 
becomes  cloudy  on  the  addition  of  nitrate  of  lea«l.  (K.  Phillifts,  A 
Phil.  22,  188.)  It  dissolves  more  readily  in  water  containing  stArci 
glue.  (Vauquolin,  J.  Phys.  85,  126.) 

b.  iJi-phosphaie. — 1.  Falls  down  in  very  small  opaqno  needles,  slightly 
contaminateil,  however,  with  a — on  dropping  a. solution  of  ordinary  dipho^ 
phate  of  so<la  into  excess  of  chloride  of  i-alcium,    (Berzidins.)     If  (h>' 


salt 
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'liphoijphatc  of  aofia  is  in  excess,  phosphoric  aoi<l  separates  from  the 
Iin'(i|iiijuc  arid  combinoB  with  it,  forming monopliosphato  of  «o<la,  and  the 
rfvjpitjito  is  converte<l  into  tlie  salt  o.  (Berthollet,  Slaliqiu  Chim.  1, 
•17;  Berielius.) 

•  — 2.  When  a  aolutimi  <if  eliloridc  of  ••;ilciuni  is  precipitated  with 
t  (light  excess  of  ordinary  jdiospbate  of  soda — the  solution  with  the 
piwipitate  <livided  into  two  equal  parts — to  one  portion  just  enough 
nitrio  ur  liydrochlorio  acid  added,  to  effect  solution  without  the  aid  of 
kat — the  other  p<3rtion  tl»eii  added,  and  the  whole  allowed  to  stand 
qiiii'tly  for  48  honrs, — the  anioq)hous  precipitate  of  phobphato  of  lime 
ucTeiues  rapidly  in  density,  and  i«  gradually  converted  into  line  white 
adrs,  which,  under  the  microscope,  present  the  appearance  of  thin,  tahular, 
rhoitiliio  prigniH,  with  the  acute  prismatic  etlges  generally  replaced  by  planes, 
•<i  tliiit  the  crystals  have  the  appearance  of  irregular  six-si<led  tables.  The 
cnnif^iund  thus  formed  is  decomposed  by  boiling  in  water,  and  becomes 
bulky,  opaiiue,  and  indistinctly  crystalline;  the  supernatant  liquid  strongly 
leddens  litmus.  The  formula  of  the  salt  is:  2CaO,  HO,  P0»  +  4  Aq. 
(Bodeker./lfin.  P/wirm.  69,  20(J.)  H 

Diphosphate  of  lime  when  freshly  prccijiitated,  expels  hydrochloric 
fc-id,  witJi  the  aid  of  heat,  even  from  a  concentratcil  solution  of  chloride 
of  r^ilnium,  and  combines  with  the  lime  set  free.  (Berzclius.)  It  is  not 
nlulilc  in  water,  but  very  easily  soluble  in  aqueous  acids,  even  in  aqueous 
arliunic  acid.  In  this  state,  it  is  found  in  several  mineral  waters.  (Bor- 
iuliiut,) 

Ignited.  Berzelioi. 

2C«0  560     ....     ■13-96       45-81 

PC 71-4       ..     56-04       54'19 


2C«0.  PO» 1274     ...  10000      100-00 

CfTstallized.  B«neliiu.  Biidekcr's  salt. 

iCaO SS-O    ....     34-27  35-42  32-56 

P0»       o 71-4     ....     43-70  41-90  41-22 

4HO  360     ....     2203  22-68  2622 

tC»0,  PO*.  4HO    163-4      .     100-00       ~~       100-00      ZZ       100-00 

&  Thret-fourtht  Fhfifphate. — 4CaO,  3P0'. — Aqueous  solution  of  pbos- 

ric  acid  is  saturated  with  the  salt  a;  the  solution  mixed  with  alcohol; 

I  the  white  jirecipitate  formed,  washed  with  alcohol  and  dried.     White 

powder  having  an  acid  taste,  and  rcldening  litmus.    With  water  it  sepa- 

ri(r>  into  the  insoluble  salt  b,  and  an  acid  salt  which  remains  in  B(dution 

'.ne  atom  of  acid  ?]  (Flerzelius,  Jnrt.  Chim.Phtis.  2, 107.1    If  the  suit 

tlv  jirccipitalod  is  immersed  in  a  solution  of  hydrated  phosphoric 

)  I'd  just  before  it  was  dissolved  in  water,  it  gradually  changes 

iiacjous  acidniu^,  which  may  be  drawn  out  into  threads,  and  sticks 

teeth  ;  after  drying,  it  becomes  yellow,  transparent,  and   very 

This  substance  lias  the  same  composition  as  c,  and  is  decomposed 

same  manner  by  water,  but  contains  metaphosphoric  acid  as  well 

ii'iv  phosphoric  acid.  (Berzclius,  ieAW).  4,277.)     Graham  regards 

'j.'iiiid  .08  metaphosphate  of  lime. 

.1  ■    jiart  of  fused  hy<lratcd  metaphosphoric  a<!iil  is  dLsscdved  in 

I  uaicr,  the  solution  saturated  hot  with  the  salt  a,  and  evapo- 

— foliated  acid  crystals  are  obtained,  ea«ily  soluble  in  their  own 

;  of  cold  water;  decomposed  by  alcohol  and  by  ammonia,  which 

.tMj.ll;iro  fiO  per  cent,  of  salt  a ;  fusing  when  heated;  Kwelling,  up  with 

iif  ..'2  per  r«nt.  of  water,  and  changing  into  a  \iar<l,  VasUXftsa  'avaas 

o  1 
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insoluble  in  wat«r  or  cold  nitric  acid  [tnetApboephale  of  limo].    Coi 
tjaMtIr,  the  crnUdt  contain  27  per  cont.  of  lime,  51  of  acid,  and  23 
water  [about  4C«0,3PO*  +  9  An-].  (Funcke,  A'.  Tr.  8,  2,  17.) 

d.  Monopkotphatf. — A  eolation  of  the  salt  a  or  ft  in  phosphoric,  hx 
chloric,  or  nitric  acid,  is  evaporated  to  the  crystallizing  point.  Small  c; , 
talline  scales  baring  an  a<nd  taste,  and  becoming  moist  and  ris<nd  in  the  air. 
The  salt,  when  ignited,  loses  water  and  foses  to  a  clear  gbss  [of  metapbo*. 
phate  of  lime]  which  is  insoluble  in  water,  and  when  distiDed  with  rhur- 
ooft)  givce  on  a  pfirtion  of  its  phosphorus  [just  two-thirds]  in  the  free 
etate.  On  this  property  i«  founded  the  ordinary  method  of  preparing 
pkoqiborus  (II..  104).  (Berzelius,  Lrhrh.  4,  276.) 

e.  Svperpkotphate. — If  155-4   parts    of  salt  a   or   of  bone-ash  are 
digoeted   in   water  and  more  than   98   but  less   than  147   pnrtp    «f 
of  ritriol,  the  liqoid,  filtered  from  the  gypsum  which  id  produced, 
bains  free  phosphoric  acid  and  monophosphate  of  lime,  in  variable  proj 
tions.     If  this  solution  is  evaporated  and  the  residue  heate<l  to  low 
Deas,  it  loaves  a  transparent,  colourless,  hard,  readily  fusible,  and  t< 
acid  glass.  (Pkoipkoiyleu.)     This  may  perhaps  be  re^rde<l  as  a  mixture 
of  mono-metaphosphate  of  lime  and  hydrate  of  metaphosphoric  acid. 
Utter  of  which,  when  strongly  iirnited,  partly  volatilizes. 


are 

i 


T — E.  Ptropiiosphate  op  Limb. — Chloride  of  calcium  yields 
pyrophosphate  of  soda  a  white  amorphous  precipitate  a.     If  this  precia 
tate  is  dissolve*!  in  a  saturated  aqueous  solution  of  sulphurous  acid 
the  solution  heated,  the  pyrophosphate  of  lime  separates,  as  the  snlphnr 
SKid  escapes,  in  the  form  of  a  crystalline  crust  6,  which  floats  on  the  sg 
face  of  the  liquid  at  first,  but  sinKs  to  the  bottom  as  it  iocreases  in  bat 
Soluble  to  a  small  extent  in  water;  in.-ioluble  in  acetic  acid  and  solution  | 
pyrophosphate  of  soda.     The  crystals  contain  3  atoms  of  water.     Lia 
water  is  likewise  precipitated  by  lyrophosphorio  acid:  e.    The  precipil 
again  dissolves  in  a  large  excess  of  the  acid. 

SchwancnbcTg. 


2CaO   .„ — 

»PO» 

56-0    43-96     ... 

....     71'4      — ...     56-04     ... 

a. 

..„    43-77    ... 
....     56-23     ... 

6. 
._.    44-68    ... 

....   5S-sa   „. 

4 

2CaO.*PO» 

127-4     100-00     ... 

....  10000     ... 

....  10000     ... 

....  lOOOO 

The  salt  6  was  ignited  previous  to  analysis,  (Schwarzenberg,  Ann. 
Chim.  rt  Pharm.  65,  2.)  IT 

F.  METAPUospnATE  OP  Lime. — This  salt  is  obtained  in  the  anhylrous 
state  by  igniting  ordinary  monophosphate  of  limo ;  it  then  forms  a  turh  " 
insoluble  glas*.    Hydrate<l  motaphosphate  of  lime  is  precipitated  as  aele 
semifluid  mass  of  the  consistence  of  pitch,  by  adding  metapbosphate  ( 
soda  to  an  aqneons  solution  of  chloride  of  calcinm.  (Graham,  J'oyy.  3 
70.)     A  solution  of  lime  in  excess  of  aqneons  metaphosphorio  acid  is  ni 
inuuediatolv  precipitatetl  when  supersaturated  with  ammonia;  but  aft^ 
some  d.-iys,  :is  the  raelaphosplioric  acid  changes  to  the  ordinary  varict 
ft  gehitiuous   precipitate  is  deposited  from   tio   mixture.  (Liebig,  At 
/Wat.  11,262.) 

CALctm  AjiD  Starnm. 

A.       MoSOSULPHIBK   OF   CAWiril.  —  1.     Pv    LiL^sint'    sulphntettc 
hydntgca  gat  ov^r  lime  ignite*!  in  •  pcrwJftin  ;  1  sulphij 
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*/aIcium  are  produced.  (Berzelins,  Sehto.  84,  12.) — 2.  Dry  sulphate  of 
"lie  ig  strongly  ignited  in  a  charcoal  crucible,  or  mixed  ■witn  -^  its  weight 
I'f charcoal:  100  parts  of  ignited  gypaum,  heated  to  whiteness  in  a  char- 
Foal  crucible,  yield  51-52  parts  of  sulpliido  of  calcium.  (Berthior,  Ann. 
^Chim.  Phys.  22,  233;  24,  275.)— 3.  Pure  lime  or  its  carbonate  ia  ignite*! 
*itli  half  its  weight  of  sulphur  in  a  close  vessel.     The  Sulphide  of  lime, 
^mfAivtr  of  gulphur,  Hepar  tiilphurig  caleareum,   thus   obtained,  is  a 
luiilure  of  3  atoms  of  monosulphide  of  calcium  and  1  atom  of  sulphate 
uf  lime. 

4CbO  +  4S  =  3C«S  +  CaO.SCy. 

(Vid.  Vauf)uelin,  Ann.  Chim.  Phyt.  6,  36;  Osann,  Katln.  Arch,  5,  96.) 
Canton's  Pliosphorus  (I.,  193)  is  also  a  sulphide  of  calcium. 

Sulphide  of  calcium  is  white,  with  a  reddish  or  yellowish  tinge, 
o)uu{ue,  friable,  inodorous,  of  hepatic  taste,  and  infusible  at  a  white  heat. 
It  Li  scarcely  altered  by  being  roasted  ia  the  fire.  (Bcrthier.)  When 
lioiled  with  large  quantities  of  water  freijucutly  renewed,  it  is  slowly  con- 
rcrte*!  into  a  solution  of  double  sulphide  of  hydrogen  and  calcium  (bihy- 
liroMilphate  of  lime),  and  hydrate  of  lime  which  remains  undissolved;  a 
portion  of  sulphide  of  calcium  still  continuing  mixed  with  it.  (H.  Rose, 
Pogg.  55,  433.) 

Calculation. 

Ca. 20      55-55 

S  16       _       44-44 


I 


CaS. 


36 


100-00 


UydraUd  Afonotulphide  of  calcium,  or  Mono-hydrottdphate  of  lime, 
I,  according  to  II.  Rose,  to  have  no  existence. 

HyDBATED   SuLPHtDB   OF    HyDBOGEN    AMD    CaLCIUM,  or    Bl-HY- 

tORULPUATE  OP  Lime. — 1.  Sulphuretted  hydrogen  gas  is  passed  into 
water  in  which  hydrate  of  linio  or  sulphide  of  calcium  is  diffused,  as  long 
M  it  continues  to  bo  absorbed.  It  is  i^nly  by  using  a  largo  tpiantity  of 
water  that  the  whole  of  the  hydrate  of  time  or  the  sulphide  of  calcium  can 
be  converted  into  this  soluble  compumid;  when  the  iiuantity  of  water  is 
too  small,  sulphide  of  calcium  remains  undissolved.  However  long,  there- 
fore, gulphuTDtled  hydrogen  may  bo  passed  through  hydrate  of  lime, 
nothing  i8  obtained  but  sulphide  of  calcium,  together  with  a  small  quantity 
of  bihydrosulphate  of  lime  which  dissolves  in  the  water  set  free  from 
Uic  hydnite  of  lirao.  For  the  sijnio  roaaon,  the  a<[ue<ius  solutions  of 
chloride  of  calcium  and  the  double  sulphide  of  hydrogen  and  poUissinm, 
when  mixed  in  a  concentrated  state,  give  a  slimy  precipitate,  with 
abundant  evolution  of  sulphuretted  hydrogen;  whereas,  the  same  solutions 
when  diluted  yield  no  precipitate  whatever;  because,  in  this  case,  a  solution 
of  double  Huljihide  of  hydrogen  and  calcium  is  produced  (bihydrosulphato 
of  lime).  (Berzelins.)  moisteued  hydrate  of  lime  alone  does  not  absorb 
•ulphiiretted  hydrogen  gas  with  near  so  much  rapidity  as  when  mixed 
with  sulphate  of  soda;  oecause,  in  the  latter  case,  sulphate  of  lime  and 
bi-hydrogul]diate  of  soda  are  formed,  tlie  latter  of  which  can  exist  when 
only  a  small  quantity  of  water  is  present.  (Graham,  Phil.  ita;).  J.  18, 
51U.) — 2.  Sulphide  of  calcium  is  rejioate<lly  boiled  with  water,  and  liltered. 
'  iilourlfss  scdution  has  a  sharp,  bitter,  hepatic  taste,  and  s  slightly 
ivc,  alkaline  reaction. 
Tlio  solution  ovajwratod  in  vacuo  or  in  an  atmosphere  of  hydrogen 
put,  uvolvuti  sulphuretted  hydrogen;  deposits  uceiUcs;  aud  when  near  dry- 
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new,  swells  iin,  with  rapid  evolnticm  of  inilpharett«cl  hydrogen,  andleiv 
aalphide  of  calcium.  (Berzeliua,  Poyij.  6,  442.)  The  solution  evajwr  " 
in  a  retort  contjiining  air,  (suffers  a  lar;^'e  (juantity  of  eulphurette'l  hydfj 
to  (wcapc  with  the  st(.*aro;  depo-sits  sulphate  of  lime  in  the  fonu  of  swhil 
|>owdcr  on  further  concentration;  and  when  etill  further  evuporatoil  i 
eoole<i,  yiolih*  orange-coloured  needles  of  the  compound  D,  wbilo 
mother-liquid  still  retain.s  bi-bydrosnlphatc  of  lime.  The  hyposulphil*  I 
lime  prxxhiccil  by  contact  of  air  imparts  sulphur  to  a  portion  uf  ' 
aulphide  of  calcium,  and  is  itself  converted  into  ^'ulphite;  and  the  pet 
aniphide  of  calcium  thus  formed,  produces  the  yellow  needles  by  oombinil 
with  lime  wliicb  has  lost  its  sulphuretted  hydrogen.  (H.  Rose.) 

C.  Pkstasulpiiide  of  Calcium  and  Hydrosclphite  op  Lime 
Mouosuluhidc  of  cnlcium  ignited  with  suljihur  docs  not  take  uj>  auy  Ji< 
tion  of  that  substance.  (Bcrzeliu.s.)     One  jjart  of  montMuI])bide  of  calcia 
«r  of  hydrate."  of  lime   is  dilFu.sed  in  water,  boiled  for  a  long  time  w8 
solphur,  and  liltorcd.    When  hydrale  of  lime  is  used,  the  solution  '"'' 
CDutains  hyposulphiio  of  lime  (II.,  193,  4);  and  if  the  lime  is  in  exo 
following  coiii|>ound  D  is  formed,  and  crystulliics  out  on  cooling, 
tvddish  iihiwu — or,  when  more  diluted,  reddish  yellow — filtrate,  evap 
r*t<Hl  in  vacno,  yields  an  amorphous,  yellow  mass,  which  loses  suiphai 
when  heated,  and  is  couvcrt<><l  into  nionosulphide  of  calcium;  it  is  solnb' 
in  >ra»or  and  alctdiol.    (Bcrzelins.)     Carbouaf*  of  ammonia,  potash, 
tttda,  precipitates  carbonate  of  lime  from   the  solution,  and  fonns  hj  ' 
•al|>hite  of  ammonia,  potiish,  or  $oda.     [For  the  behaviour  of  the  aque 
•olstiun  on  ox|iosuTe  t4i  the  air,  aiid  with  aoids,  &c.,  sec  II.,  228.] 

D.  Hydratko  Pk-stasllphide  of  Calcium  am>  Lime,  or  Skx-ba 
IlTDRusi'Li-ains  OF  Lime. — Fonneil:     1.  By  boiling  sulphur  with 
«f  lime  and  water, 

J3UO  +  i2S  =  2(5CaO,C«S*)  +  C«OS»0>, 
or.        ISCO  +  118  +  2HO  =  2(6C«0,  US')  +  CaO,E?0P. 

— S.  Ry  boiling  tho  hydnited  bi-hyilrosul]ihat«  of  lime  in  the  air, 
upon  oxygvD  gas  is  absorbed  and  Bulpliurctte«I  hydrogen  evolved. 

6iC«S.  HS)  *  HO  +  40  =  5C«0,  C.S«  +  7HS. 

or:       6(C»0.2HS)  +  40  =  6C.O,  HS»  +  4HO  +  7HS. 


Two  parts  of  limo  and  one  part  of  sulphur  are  boiled  for  a  consideral 
iiuM  with  waler^the  filtrate  ooled  in  a  close  vessel — and  tlic  resultini 
crvttals  whed  with  cold  water,  and  dried  in  vacuo  over  oil  of  vitri 
(Ilerwtol,  .Un.  t'A.i*.  /%».  14,  353.) 

Omngr-colonrpil,  tran.s-paront,  irregular,  six-sided  prisms,  with  irregul 
trihc<lnil  or  with  dihtMlral   summits.  (BuchoU  &  Brandes,  Sctiw.  22,  43.) 
Konr-fcidol  pri«nis.  with  dihedral  summits;  of  caustic,  bitter,  hepatic  tasti 

iHorvohci. )  Fonus  a  ytllow  ]>owdi.'r,  and  has  au  alkaline  reactiol 
Buchnvr,  Sckte.  Ifi,  337.)  Thu  crystals,  when  thoroughly  dry,  rema 
Uimll<*m(  in  tho  air.  (Hcrschd.)  When  moistened,  they  lose  their  colon 
Mid  ar\«  converteil  iuto  hyixisulphito  of  linio.  (Bochner.)  Heated  out  i 
contact  of  air,  ihey  evolvo  water  and  sulphur,  without  change  of  form,  an 
Irwi'  Inc.  wiiich.  when  tfc«t«d  with  hydrochl'    '  ' 

nff  '  acid  Dud  dopooiU  valphur  ;„^MfeHt»ii  14 


mg 
ii^j 
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«rf  lime.  (H.  R08O,  Pinjij.  55,  433.)     Hydrochloric  acid  documposes  tho 

(vytUls,  yielding  hydrusoipharic  acid,  dulphur,  aiul  chloride  of  calcium. 

(fiiu\)mer,    Biicholz,    Brandes,    Herschel,    Rose.)     They   <lo    not    evolve 

iiyiiruealphurio  acid  when  mixed  with  jirotochloride  of  manganeae.  (H. 

Row.)      Mixed    with    a    large   quantity   of  water,  added    iu   successive 

|K)rtious  they  leave  a  residue  of  hydrate  of  lime,  while  peulasulphido  of 

(^ciuni  rcmaina  in  solution  (H.  lloce);  they  likcwiik.'  dcjKisit  hydrate  of 

liinn  when    treated  with  boiling  water,  hot  dissolve  completely  in  400 

partd  of  cold  water.  (Buchner.)     Insoluble  in  alcohol  (soluble,  according 

to  Gay-Lua8ac.) 


iUO ..„ „..,. 

CaS'  „ _ 

20HO   

Cry 
140 
100 
180 

ElJilliiml. 
..      33-33 
....     23-81 
....     42-86 

Oi 
6Ca  ... 
50   .... 

5S     .... 
20HO 

120     ...     28-57 
40     ....       9-52 
80     ...     19-05 

180      ..     42-86 

U.Rose. 
....    28-00 

....     18-83 

iCaO,CiS'-f20.\q. 

Or; 
6C«0 

420 

....  100-00 

168     ... 
80     .... 

1 
171 

40-00       

1905       

0-24       

40-71       

420     ....  100-00 

H«ncbd. 

42-9      

26-0       

0-6       

30-5       

BiiuIio1ji& 

Bnwdes. 

42-5 

5S  „ 
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i9Ho"!Z!""!"" 

0-4 
34-2 

ftC«O.HS»rl9A 

1 

420 

loouu      

1000       

98-2 

E.  HvposuLPiriTE  OF  Lime. — Hydrate  of  lime  i-s  boiled  in  water  with 

^*  iljihur,  and  through  the  filtrate  containing  h ydrosulphite  and  hyposul- 

•  »liilc'  of  lime,  sulphurous  acid  gas  Ls  passed  till  tho  liiiiiid  becomes  colour- 

•«■»•  (Herschel);  or  the  liquid  is  exposed  to  the  air  till  it  loses  its  colour. 

^<i*y-Lus8ac,  .-Inn.  Chim.  85,  200.)     Tho  filtered  solution  is  evaporatod 

^^J  »  t0uij>erature  not  exceeding  60°,  and  then  cooled.    Large,  transparent, 

^^oloiirlese  six-sided  prisms.  (Herschel.)    The  crystals  belong  to  the  system 

^•rovorwt   by    Mitsclierlich    (L,    16,    y).     Fi</.    120;    •  :u  =    94"   9'; 

"«■:«'  =  107    17';  »  :  i  =  107'  2';  »  :  m  =  98"  21';  »  :  a  =  115°  31'; 

-=.    f  =  124"  321';  „  :  «'  =  78"   10*;  <  :  w  =  90°;  &c.  (Mitscherlich, 

■J':ii'J-  "1  427.)     The  crystals  effloresce  in   vacuo  over  oil  of  vitriol  at 

^Jtlinary    temperatures;    but   not   below    40^   in    tho   air.     (Herschel.) 

Jfeate<l  out  of  contact  of  the  air,  they  lose  water  and  sulphur,  leaving  a 

mixture  of  sulphide  iif  calcium  and  sulph-ato  of  lime,  probably  also  mixed 

■with   snlpliito.  (Rammelslxng,   Po<j'j.  56,  302.)     When   a  concentrated 

aiiucous   solution    of  tho   salt  is  heated  above  GO",  it  is  resolved  into 

•ulphite  of  lime  and  sulphur.     From  tho  aipieous  solution,  carbonate  of 

potash  throws  down  a  portion  of  the  carliouate  of  linio  as  a  glutinous 

mane;  tho  rest  does  not  separate  till  tho  filtrate  is  heated,  or  lime-water 

added;  it  ia  then  precipitated  iu  the  ordinary  flakes  which  soon  hooomM 

granular.    Ono  ]Mvrt  of  the  salt  is  soluble  in  one  part  of  water  at  3".  (Uor-T 

«cbel.  Ann.  Chim.  J'hyn.  14,  355;  also  Pntjg.  25,  628.) 

Cryitallized,  accenting  to  llerechel. 

CaO  28       21-54 

S^W  48       36-92 

6HO  S4       41-54 


CaO,  S'O' -)- 6Aq  . 
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V      Si  i.fiMTK  OH  Lime. — a.  HonotulphUe. — CaC    SO'  -\-  2A<i.— At 
wMhiarv  i<.-n)/>f/a»(;/t?«,  hurat  Ihao  does  not  absorb  b\    Aimtous  svtwX  ^vg*. 


soo 


cjaauM. 


] 


— fcTdnie  of  linw  Bbaorltf  it  with  &cflilT.     This  salt  is  precipitated 
B  wkile  powder  on  mixiog  ralphnrouc  mda  with  lime-water,  or  sulj'l  ' 
potuh  with  chloride  of  caJciom;  it  ciystallixee  from  a  solutiuo  codi  < 
CXMM  of  acid — in  which  it  is  leadilv  wdnble — in  six-sided  prisnw  villi 
six-aided   e^iunmils;    tastes  slightly  hepatic.     It  contains,   aooording  to 
FooTcroj  &  Vanqnelin,  47  per  cent  of  lime,  48  of  solphnroiu  acid,  and  'j 
of  water.     Ignited  ont  of  contact  of  air,  it  is  resolved  into  a  mixture  of 
salphate  of  lime  and  sulphide  of  calcium.     Effloresces  in  the  air,  and  \i    '' 
eonrerted  into  snlphate  of  lime.     Soluble  in  800  ports  of  cold  water. 

b.  AciJ-rulpkit<. — Prepared  by  dissolving  the  neatral  salt  in  aqoeooa 
solution  of  snlphurous  acid;  or,  according  to  Liebig  {Ann.  I'harm.  iZgi 
72),  by  saturating  an  aqueous  solution  of  sulphurous  acid  with  carbon|^| 
of  lime. 

G.  nTi<08n.PBATB  OF  LiMB. — Produced  by  precipitating  the  mao-^ 
gaaese-salt  with  milk  of  lime.  Coincides  in  cryt<tiilliae  form,  and  in  tb^ 
magnitndo  of  its  angles,  with  the  strontia-salt ;  remains  unahtTud  in  th^ 
air;  leaves,  after  ignition,  50*23  percent,  of  sulphate  of  lime;  dissoWe 
in  2*46  parts  of  water  at  19",  and  in  0*8  parts  of  boiling  water,  lo 
in  alcohol.  (Heeren.) 

CijitaUned,  aooording  to  Heemi. 

OaO *8      20-59 

aro» 72      52-94 

4HO „....      3G       26-47 


CaO,8K)<  +  4Aq. 
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H.    ScLpHATK  OP  Ijxe. — Found  native  in  tlie  anhydrous  state] 
Anki/drite.    Quicklime  does  not  absorb  the  vajmnr  of  anhydmuH  isalpfai 
acid  at  onlinary  tcmjteratures,  but  only  at  a  heat  appruac-hing  redn 
(H.  Ruse,  Pogg.  38,  117.)     When  oil  of  vitriol  is  poured  upon  qnii 
lime,  large  quantities  of  material  being  used,  the  whole  becomes  perftt 
red  hot.  {KtusVntT,  Ktutn.  Ardi.\B,22Q.)    Burnt  lime  on  which  oil  of  vit 
or  dilute  sulphuric  acid  is  dropped,  omits  light  visible  in  a  dark 
(Heinrich.)      Calc-spar,   limestone,  or  chalk,  eitlier  cold  or  moilcmt 
heated,  is  not  decomposed  by  exposure  to  the  vapour  of  anhydrous 
phuric  acid,  or  of  oil  of  vitriol :  iu  the  latter  case  however,  a  thin  strali 
of  sulphate  of  lime  is  formed,  but  it  does  not  increase.  (Marx,  N. 
Ardi,  15,  103.)     Sulphate  of  lime  is  obtained  in  the  anhydrous  state  bj 
igniting  gyi^um.     In  this  state  it  is  called  Burnt  Gyptum.  ^m 

Anhydrite  Itelongs  to  the  right  prismatic  system ;  Fig.  70,  with  ^^| 
m-tmee  between  u'  and  u.    p  :  u'  or  «   =:   90';  t  :  «  :=  90";  u^  :  u  ■= 
100"  8*;  m'  -.  t  —  129'  56*;  ti  :  m  =  140'  4'.     Cleavage  parallel   to  p,  t, 
and  m.  (Hauy.)    Ignited  gypsum  forms  a  white  powder.    Si)ecific  gravity 
of  anhydrite  at  4'',  in  vacno  =  2-96  (Royer  &■  Dumas);  specific  fjravity 
of  the  artificial  salt  =  29271.  (Karsten.)     Fuses  at  a  strong  red  heat, 
and  solidifies,  on  cooling,  to  a  white  opaque  crystalline  mass.    Reduced  by 
ignition  with  charcoal  (or  with  carbonic  acid  gas;  Ltplay  4r  Laurent)  to 
sulphide  of  calcium.     Not   decomposed   by   nision   with   common   sql^ 
(Trommsdorff.)     [For  the  decomposition  of  the  aqueous  solution  by  ^| 
presence  of  organic  matter,  vuL  11.,  191,]  ^B 
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Bucholi.    Til.        rolh. 

lias,      man.      lel. 

CO 

28        41-18 

44-33 

4.V4         43         4243 

42         41         40-] 

so*  -  .. 

..„,  40        S8-B2 

55-67 

56-6        57        57-57 

58         59         iM 

CaO.SO*^.  6$      100-00      100-00      100  0      \Q0 
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Combiuationa  with  water: 

B.  Di-hjfdrated  SulphaU  of  Lime. — Thie  compound  was  deposited  from 
be  water  in  a  boiler  wbicb  was  workinj;  under  a  pressure  of  two  atrao- 
jiheree;  it  formed  a  greyish  granular  mass,  of  specific  gravity  2'757, 
ftpearing  under  the  mioroticope  in  the  funn  of  small  transparent  prisms, 
ulourcd  with  carbonaceous  matter.  (Johnston,  Phil.  Mag.  J.  13,  325 j 
■    \J.pr.Ckem.  16,  100.) 

Calcnlatian.  Johnston. 

2(C«0.80») 136    ....    93-79      93272 

HO    9     ....      6-21       6-435 

Carbonsceoiu  matter 0-293 


2(C»0,  S(y)  +  Aq 145     ....  10000 


100-000 


^.  Bi-hydrated  SulphaU  of  Lime. — Found  as  Oypnmi,  Marienglas, 

frautTuit,  AlabasUr,  Lapis  Speculari^i,  &c.     Moderately  bnmcd  gypsum 

'ted  with  water  forms  a  paste  at  first;  but  this  quickly  hardens,  heat 

;  evolved,  and  the  water  passing  in'j  the  solid  condition  of  water  of 

kllization:  gyjisum  burned  at  too  high  a  temperature,  and  native 

bydrito  enter  out  very  slowly  into   combination   with  water.      The 

inlor  the  gypsum  is  before  burning,  the  more  solid  does  it  become  when 

nbeeqncntly  mixed  with  water.  (Gay-Lussac,  Ann.  Chivi.  Phys.  40,  436.) 

Irtiticial  gypsum  does  not  solidify  so  well  with  water  after  ignition  as 

bo  native  variety,  unless  it  be  previously  submitted  to  powerful  pressure 

Irhile  moist,  and  then  dried  and  ignited.  (Payen.)     The  crystalline  sys- 

in  of  gypsum  is  the  oblique  prismatic  (Weiss);  Fig.  114,  and  many 

ber  forms;  a  :  «  =  36"'  7';  a  :  m  =  108°  3|';  u  :  ii'  =  69"  23^';  it  :  w 

124"  41|';  the  edge  between  a  and  a  :  i  =   113"  8'.     Cleaves  with 

I  ease  ]^rallel  to  m;  less  readily,  j)arallel  to  t  and  t  (the  edge  bofwoon 

I ftod  a  is  truncated;  Hauy).     From  an  aqueous  solution,  the  hydratod 

Jphate  of  lime  crystallizes  in  needles.     Sjiccifio  gravity  at  0%  in  vacuo 

;  2-322.  (Royer  &  Dumas.)    A  solution  of  the  variety  known  as  Marien- 

a*  in  lioiling  water,  and  likewise  Marienglnt  heated  till  it  exfoliates, 

Dm  reddcued  litmus  blue.   (Laugier,  J.  Chim.  Med.  6,  325;  Biowend, 

f.  pr.  C/um.  23,  252.) 


Crystallized. 

C»0 28     ....     32-56 

SO"      40     ....     46-51 

Bucholz, 

Giese. 

....     33     .. 

....    46     .. 

....    21     .. 

Klaproth. 
.     330     . 
.     45-5    .. 
.     21-5     . 

Berthier. 
..    32-8 
„     46-2 
..     220 

Borgmui 
...     32 
...     46 

alio 18    ....     20-9.'« 

...    2J 

UO.SO"  +  2Aq.     86     ....  10000 

..   100     .. 

.  1000    .. 

..  1000 

...  100 

GvT'sum  loses  its  water  far  below  a  red  heat,  splitting  into  layers  and 
nbling  to  a  white  powder.  At  100°,  in  vacuo  over  oil  of  vitriol,  it 
a  with  half  its  water;  the  residue,  containing  12-83  per  cent,  of  water, 
i  not  solidify  when  mixed  with  water.  In  the  air,  it  begins  to  lose 
r  just  above  100°,  and  becomes  anhydrous  at  a  teuiperaturo  below 
Gypsum  deprived  of  its  water  at  132°  (below  126°,  Mitscherlich) 
plidifies  with  water;  but  if  the  heat  rises  to  204"  (beyond  160",  Mitscher- 
Lthe  gypsum  becomes  over  burut,  and  solidifies  with  water  as  slowly 
Ibydritc.  (Graiiani,  Phil.  Mag.  J.  6,  422.)  (For  the  experiments  of 
Ton  and  Plessy  on  tlie  effect  of  heat  on  hydrated  sulphate  of  lime,  vid. 
lig  «f-  h'oppt  Jithrttbrricht,  1847-1848,  p.  395.)  The  powder  of 
11  solidities  also  whi-u  mixed  with  aqueous  solution  of  pot- 
'</A  6alu  III  poUuh,  iustcad  u(  waloT,  XfyAnXo^  ^\A\«i  \5)2i\a 
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bcow  ptobablj  formed.  Tliu  «flSwt  is  ptoiaeti  hy  MfartMrn  of  foitaA, 
hf&  «9tfbocmte  and  bieMltcnUa  of  potufa  (in  the  imUa  CMe  vitk  viokni 
caarreMenoe),  \>j  mlpbate,  biaolplMte,  and  silicate  of  pa4adi,  mad  bj 
tartnte  of  pota«b  ao J  soda.  Oa  the  other  baiui,  chlorate  and  nitjato 
of  potaah  and  all  the  nite  of  soda  produce  no  reaction.  The  coUdifieatMio 
it  more  rafnd  thao  with  burnt  gypwim  and  |iare  water;  iimtantMOpai 
iiidee<i  with  the  tartrate  of  «oda  and  potaeh.  The  wlidified  ma«B 
ble8  common  hardened  gypanm,  both  in  appearance  and  hardnc 
ma«i>  of  this  kind,  when  rednced  to  powder,  harden*  again  on  being  mize 
with  a  fresh  solation  of  some  salt  of  potash.  (Enunet,  ^V.  Edinb.  PkiL  . ' 
15,  69;  also  J.Pharm.  19,  685.) 

Gypeum  diasolTes,  acourding  to  Bucbols,  in  490  parts  of  cold  and 
the  same  qoantitj  of  hot  water;  according  to  Giese,  in  380  parts  of  cob 
and  388  parts  of  boiling  water.  The  solution  has  a  weak,  faint  Ui 
The  »ulaiiilitj  of  gjpeom  in  water  is  increased  hy  the  presence  of 
ammoniac;  but  no  decomposition  is  produced  by  double  affinity.  (A.  Vog 
J.pr.  Cfum.  1,  196.)  By  the  aiMition  of  enlphate  of  soda  (0.  Henry, . 
Pharm.  12,  31), — of  common  salt  (the  solution  in  this  case  not  beinj 
precipitated  by  dilute  snliihuric  aciJ;  Trouims<lorff,  J^.  TV.  18,  1,  234| 
Wackenroder,  Ann.  Pharm.  41,  316), — and  of  succinate  of  ammoo' 
(WitUtein,  Rtpert.  57,  18). 


I.   ScLpaiDE  OP  Carbon  and  Calcium  and  Htdro-shlpbocab: 
MATE  OP  Limb. — By  digesting  sulphide  of  calcium  with  exoese  of  bisi 
phide  of  carbon  and  water,  at  30^,  in  a  close  vessel,  a  dark  red  liquid 
obtained;  and  this,  when  evaporated  in  vacuo,  yields  a  mass  which 
yellowish  brown  and  crystalline  at  first,  but  assumes  a  pale  yellow  colour 
when  perfectly  dry;  l)y  exposure  to  the  air,  it  again  changes  to  browi 
yellow   from  absorption  of  water.     This  snbstance  is  readily  diaeol 
both  by  water  and  alcohol;  water  however  leaves  a  refldish  yellow  I 
tali  of  tk  peppery  but  not  hejiatic  taste;  it  is  always  formed  when 
bisulphide  of  carbon  is  not  used  in  excess.     The  :u{ue<jus  solution  of  the 
neutral  t>ull  \a  decomposed  by  boiling,  with  separation  of  carbonate  of 
lime.  (Bcrzelius.) 


Calcium  and  Selenium. 


colour 

;n  th«S 
■>(  the  ~ 
\ta  of I 


A.  MoNosELENiDE  OP  Calcium. — 1.  Aqueous  solution  of  chloride 
of  calcium  is  precipitated  by  protoselenide  of  potitssium.  Flesh-coloured 
precipitate. — 2.  Selenium  is  heated  with  lime  till  the  mixture  becomes 
red-hot.  There  remains  in  this  case  a  light  rodilish  brown  inixturc  i 
sclcnide  of  calcium  and  sclcnite  of  lime,  which  assumes  u  flesh  cola 
when  puwilered,  is  destitute  of  ta^ite  and  smell,  and  insoluble  in  water.- 
8.  Tho  liydratod  seleiiido  of  hydrogen  and  calcium  preserved  in  a  looselj 
stopped  bottle,  deposits  [mono?]  seleiiido  of  calcium  in  right  four-side 
prisms  of  a  dark  brown  colour  and  opaque.  (Berzelius,  Schte.  23,  443.) 

B.  Hydbated  Selenide  op  Htdrogen  and  Calcium  or  Bi-by- 
nnosKLKNiATE  OP  LiME. — Linio-wator  is  saturated  with  scleniurelted 
hydrogen,  out  of  contact  of  air.  The  air  contained  iu  the  lime-water 
onuses  cloudiness,  and  subsequently  forms  a  red  precipitate.  The  clear 
liquid  iwting  above  this  precipitate  acquires  a  rod  colour  by  ex])osurc  to 
(ho  air,  coiunienciug  at  the  top,  extending  downwards,  and  constantly 
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ine  in  stren^h,  but  unaccomuanied  by  turbidity.  A  film  and  crys- 
l»  of  solcniile  of  calcium  are  subsoqnently  dejKisited,  and  tho  liquid 
tin  becomes  oolonrloss,  still  retaining  a  portion  of  lime  in  eulutiun. 
emelius,  Schw.  23,  465.) 

C.  P0LY8ELENIDB  OP  Calcitm. — Formed — mixed  however  with  sole- 
itc  of  lime — by  heating  lime  with  selenium  to  a  temperature  just  below 
le  point  of  i^ition.    Brownish  black,  coke-liko  mass,  yielding  a.  reddish 

wn  powder,  without  ta«t«  or  smell,  and  insoluble  in  water.  It  is  con- 
il  by  ignition  into  A,  3,  with  loss  of  seleninm, — and  is  decomposed 

acids,  into  lime  which  dissolves,  and  red  bulky  flakes  of  selenium. 
b  eclcniurcttcd  hydrogen  is  evolved,  becuuso  it  is  decomposed  by  the 
'enious  acid  set  free  at  the  same  time.  (Burzclius.) 

D.  Selenite  of  Lime. — a.  Monoselenite — CaO,  SoO.  Gradually  depo- 
duriug  the  solution  of  carbonate  of  lime  in  hydrated  selenious  acid. 
crysUilliue  ponder  (gritty  crystals,  Muspratt),  which  fuses  at  a  red 

t,  and  in  thi»  slate  attacks  glass  powerfully,  blistering  it  in  a  remark- 
He  mauuer.     Slightly  soluble  in  water.  (Berzelius.) 

6.  JdtfUnile, — Prepared  by  dissolving  a  in  aqueous  solution  of  seleni- 
lacid:  crystallites  in  very  small  prisms,  which  are  permanent  in  tho 
it,  and  lose   half  their  acid   by  exposure  to  heat,  or  by  contact  with 

nonia.  (Bcrzolius,  Sehw.  23,  454.) 


Calcium  and  Iodine. 

A.  Pbotiodiue  op  Calcium. — A  solution  of  lime  in  aqueous  hydrio- 
eid  is  evaporated  to  dryness,  and  heated  out  of  contact  of  air.    White 

like  chloride  of  calcium — fuses  below  a  red  heat — and  is  subse- 
Btly  decomposed,  on  tlie  admission  of  air,  into  limo  and  vapour  of 
-iline.  It  is  very  aduble  in  water,  and  (Icliquesces  when  expo8c<l  to  the 
jr.  (Ouy-f..ns8tto,  Gilb.  49,  207.)  A  solution  concentrated  by  evapora- 
IJiin  vioMs,  on  cooling,  long  nee<lle8  of  hydrated  io^lido  of  calcium  or 
\\  '  of  lime.     The  solution  is  colourleris,  and,  when  exposed  to  tho 

lea  covered  with  a  film  of  carbonate  of  lime.  (BerthoUet,  J. 
ykarm,  13,  416.) 

B.  Hydbatek  PEnioDiDE  op  Calcicm  or  Hydhiodite  of  Limb. — 
concent raUjd  uqucous  solution  of  iodide  of  calcium  dissolves  iodine 
ely,  forming  witli  it,  when  saturated,  a  black  liquid,  which,  when  eva- 

Di»ted  under  a  bell-jar  near  a  dish  containing  hydrate  or  carlK>nato  of 
Btoah,  yields  largo,  dark  grey  crystals,  having  an  almost  metallic  lustre. 
»w  a  couoentratcd  solution  of  this  substance,  hydrate  of  lime  throws 
rn  a  black,  pulverulent,  basic  compound,  which  is  decomposed  by  the 
liUun  of  moru  water,  with  separation  of  iodine.  (Berxelios.) 

C.  Iodide  op  Lime  ) — a.  When  va{>our  of  iodine  is  passed  over  lime 
jtcd   in  a  [wircolaiu  tube,  the  iodine  combines  with  tho  limo  without 

jliemting  oxygen  gas.  A  solution  of  this  8ul>stancc  in  water  pos60«8e«  a 
Dwerful  alkaline  reaction,  (Oay-Lussac.)  When  strongly  heated,  it 
rolres  iodine.  (Orouvello.) 
h.  Hydrate  of  lime  rnbl>cd  up  in  a  mortar  with  excess  of  iodine,  and 
11  va<'no  to  a  tcm[)cnitnro  of  ,30'  beside  n  solution  of  potnMh,  till 
of  iniYinc  has  ovn/ioratod  and  been  obsotVicA  Vi^  vW  \«A»Ak, 
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vields  a  black  maas.  This  i«  deoompoaed  by  w»ter  into  a  ilark  brom 
iHluid  anil  a  black  residae,  which,  oo  being  wasbed  with  water,  fint 
bwomea  blue,  and  theu  changM  into  hjrdiato  of  lime.  (Benelins,  Pu^. 
19,  296.) 

D.  loDATB  OF  LnnL — Crystallizes  slowly  from  the  mixed  solutions  of 
iodateof  potash  and  chloride  of  calcium  in  water  (Pleischl);  a  larg«  quantity 
of  the  salt  however  remains  disRilrod.  (Rammcl8lier;L'.)  The  crystals  are 
rendered  anhydrous  by  heat.  The  dry  salt  gently  ignited  in  a  porcelain 
retort  evolves  14-785  per  cent-  of  oxygen  and  54-072  of  iitdine,  IcaTing 
a  residue  amounting  to  31'143  per  cent.,  and  cun«i&ting  chiefly  of  pcnta- 
bosic  periodate  of  lime;  but  when  heated  more  strongly,  it  evolves  u  still 
larger  amount  of  oxygen  (in  the  whole  17"176  per  cent)  and  of  iodioo 
(in  the  whole  62478  per  cent.),  and  leaves  20-346  per  cent  of  a  miituni 
of  peutabasic  periodate  and  much  free  lime,  which  may  bo  separated  h/ 
water.  (Raniniekberg,  Poyy.  44,  576.)  lodatc  of  lime  detonates  violently 
on  ipnited  charcoal.  (Gay-Luasac)  When  treated  with  concentrated  liy- 
drochloric  acid,  by  which  it  is  readily  dissolve*!,  it  yields  an  orani-' 
coloured  liquid,  smelling  of  tercbloriae  of  iodine,  and  similar  to  tti»t 
yielded  by  lodalo  of  potash;  it  does  not  however  yield  crystals  of  the 
double  chloride  of  iodine  and  calcium.  (Filhul.) 

Ilydrated  lodaU  of  Livif. — Four-8ide«l  prisms,  or  in  powder.  The 
crystals  effloresce  in  the  air,  with  partial  loss  <if  water,  and  oocome  anhy- 
drous at  a  temperature  below  200°.  (Ramroelsberg.)  They  dissolve  in 
454  parts  of  water  at  1 8^,  and  in  102  (Muts  of  boiling  water  (Gay-Lussae); 
in  253  parts  at  15^;  in  75  parts  of  boiling  water;  and  much  more  abno- 
dautly  in  nitric  acid.  From  the  latter  solution,  the  salt  is  precipitated  in 
prii>raB  by  ammonia.  (Rammcbberg.)  Alcohol  separates  the  salt  from  an 
aqueous  solution.  (0.  Heury.) 

Anhydroiu.  CryttAllized.  Rammelsbflng. 

CaO 28     ....     14-43            C«0 „.  28     ....     117I  ....       12-57 

X0» 166    ,...    85-57           10* „.. 166    .„    69-46  ....      68-8« 

5HO    ™....  45     ....     18-83  ....       188.-1 

CaO,  IC)»       194     ....   100-00  CbO,  10»  +  5.\<j.  239     ....100-00     ....     10000 

E,  Periodate  op  Lime. — a.  Pentahasic  tall.  Rcm-ains  after  the  igni- 
tion of  iodate  of  lime  in  a  retort,  and  is  purified  from  the  free  lime  mixed 
with  it,  by  digestion  in  water.     (Rammelsberg.) 

fe.  From  a  neutral  mixture  of  hyperiodic  acid  and  soda,  chloride  of 
calcium  sets  a  portion  of  acid  free,  aud  precipitates  a  white  ba.'jic  salt 
easily  soluble  in  dilute  nitric  acid.     (Benckiser,  Ann.  fhann.  17,  259.) 


( 


Calcium  and  Bromine. 


A.  Bromidb  of  Calcium. — I.  A  solution  of  lime  or  of  carbonate  ol 
Hmo  in  aqueous  hydrobromic  acid  is  evaporated  to  dryness  and  heatoL 
( Lowi(f.) — 2.  An  aijueous  solution  of  bromide  of  iron  is  decomposed  by 
lime;  boilwl  in  the  a*ir  till  the  green  precipitate  assumes  a  brick-T«d 
colour;  then  (iltercd,  evaporated  to  dryness,  and  heated.  (0.  Henry,  J, 
I'karm.  l."".,  52.) — 3.  Lime  is  iguited  in  vapour  of  bromine.  (Lowig.) — 
White  substiuice,  having  a  shaqi  bitter  taste.  (Liiwig.)  Fuses  at  a  full 
rtil  hont  to  a  white  ma«8,  emitliii;i  at  the  same  time  an  odour  of  bromine, 
iu  consequence  of  partial  dccompositiou.     With  oil  of  vitriol  it  evolve* 
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,  lirubroinic  ooid  at  first,  then  bromine  and  aulphtirous  acid.  (0.  Honr^.) 
Il  evolve*  hwit  by  contact  with  water,  and  dcliquesoea  rapidly  in  the  air. 
lowig.)     Very  soluble  in  ulcuhoL  (0.  Henry.) 


c 

Br 

Calcnlation. 

„....     20-0      20-33 

78-4      79-67 

On  Br   

98-4       10000 

Jlydraffd  Bromide  of  Calcium,  or  Hydrobromale  of  Lime. — From  a 
Mutiun  of  bromide  of  calcium,  colourlesn  silky  needles  are  obtained,  but 
ilh  difficulty.  (0.  Henry,  Bcrthemot.) 

B.  HrDRATED  Bromide  of  Calcium  and  Lime  or  Basic  Hvdrobro- 
Tt  OF  Lime. — By  boiling  bromide  of  calcium  with  milk  of  lime,  filter- 

ond  then  allowing  the  solution  to  cool,  delicate  needles  are  obtained, 
mblini;   the  tetrabasic  hydrodilorato   of    lime,    and   decomposed   by 
_  liter  into  bromide  of  calcium,  which  dissolves,  and  an  insoluble  residue 
of  lirae.  (Liiwig.) 

An  aqueous  solution  of  bromide  of  calcium  may  bo  made  to  take  op 
lore  bromine,  but  evolves  it  again  when  evaporated  in  a,  close  vessel 
iver  bydrato  of  potash.   (Berzelius.) 

C.  HiPOBROMiTE  OF  I.iME? — An   intimate  mixture   of   hydrate  of 
DO  with  a  large  quantity  of  bromine,  deprived  of  the  excess  of  bromine 

J  evaporation  in  vacuo  over  hydrate  of  potash,  leaves  a  dry,  inodorous 
taea  of  a  light  cinnabar  colour — probably  a  mixture  of  hypobromite  of 
'  ae  and  perbromitle  of  calcium. — The  mass  becomes  yellow  on  the  addi- 
ion  of  wuter,  and  partly  dissolves,  forming  a  yellow  bleaching  liquid, 
rhich  deposits  carbonate  of  lime  on  cxi)Oi<uro  to  the  air.  The  insoluble 
Dftion,  treated  with  more  water,  continually  become*  of  a  paler  yellow, 
la»t  leaves  nothing  but  white  hydrate  of  lirae:  the  solution  then 
^ns  bromatc  of  lime  together  with  the  compound  B.  (Berzelius, 
16.  405;  19,  295.)— Balard  {J.pT.  Client.  4,  165)  has  obtained  tho 
I  conijKiund.  The  cinnabar-coloured  mass  when  exposed  to  the  air, 
I  an  odour  of  bromine,  and  deliquesces — with  separation  of  hydrate 
-to  a  yellow,  powerfully  blenching  liquid,  which  may  be  preserved 
I  einae  vessels.  A  similar  solution  also  may  be  prepared  with  bromine 
lid  milk  of  lime;  when  evaporated  in  vacuo,  it  yields  the  same  rod- 
ciloarcfl  moss.  (Balard.) 

Bromine  docs  not  act  on  quicklime  or  carbonate  of  lime,  but  only  on 
ho  hydrate.  Milk  of  lime  mixed  with  bromine  produces  a  yellow  bleach- 
ng  liquid.  This,  when  heated,  evolves  bromine,  followed  by  oxygon  gas, 
nJ  Ic-ives  bromide  of  calcium  or  hydrobroraate  of  lime.  All  acids,  even 
rbonic  acid,  expel  the  bromine.  The  liquid  oxidizes  many  of  the  metals, 
nd  gi  ve4  with  nitrate  of  silver  a  white  precipitate  which  rapidly  changes 
black,  and  is  composed  of  a  mixture  of  oxide,  bromide,  and  bromate  of 
Iplver:  the  bleaching  power  is  at  the  same  time  destroyed.  But  if  tho 
Bilk  of  lime  is  mixed  with  bromine  in  excess,  so  that  it  smells  slightly  of 
'  »t  aulMitance,  it  yields,  with  a  silver  salt,  a  white  precipitate  of  bro- 
"  I  of  silver  containing  very  little  bromate,  and  retains  its  bleaching 
pwcr:  this  power,  however,gradually  disappears,  thcchange  beingattendcd 
iow  evolution  of  oxygen  gas  and  separation  of  bromide  of  silver. 
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D.  Bromatb  op  Limb.— PrepueJ  by  aUnrating  an  aqaeons  aolutioa 

of  broniic  ju-iil  wiili  lime  (Lowig)  or  car1x>Date  of  lime  (Rammelsbor  '"" 
It  crj'etallizes  in  cuiiibination    with   water  in  lar^  flnl    lali|c-«,   having 
shari)  bitter  taste  (Lowip);  in  email,  sharply  acumiiii»ie<l  nrigms 
mcItiW'rg). — The  crvBtalo  do  not  Inee  water  in  vacuo  at  ordinary  temf 
intorec,  or  in  the  air  below   100";  they  do  not  become  anhydrous 
hoated  to  If^O".     The  anhydrous  silt  is  decomposed  by  ignition  iivto  oxj 
gen  gaa  aud  bromide  of  calcium,  which  remains  in   the  form  of  a  In 
white  nias8.  fRammelabcrg.)     The   salt  detonates  on    ignited  charco 
(Lowig.)     It  IS  soluble  in  1*1  part  of  cold  water;  the  saturated  solutid 
is  of  a  eympy  eonaistoncc.  (RaonineUberg,  Poy/f.  52,  88.) 

Anhydrous. 

OiO 28-0      I9I2 

BrO» 118-4       80-88 


c>o 

BiO» 
HO... 


CO^BrO*  ....  U6-4       100-00 

Cr]rst«Uizfd. 

„ 28-0         ....       18-02 

„ 118-4     76-19 

90     5-79 


Ranunelsb 

18092 

75-939 

&-9G9 


C»0,  BK)*  -H  Aq 155-4 


100-00 


100-( 


Calci€m  akd  Chi/>rinb. 

A.  Chloride  op  CALCirrM. — Pound  in  many  springs. — Lime  heat 
in  chlorine  gas  absorbs  it,  and  evolves  half  a  measure  of  oxygen  gas,- 
Lime  heutc<l  in  hydrochloric  acid  gas  absorbs  it  rapidly,  with  evolntia 
of  heat  but  not  of  light,  and  formation  of  water.  ^Chcvreul.) — At  a  whiij 
heat,  also,  lime  forms  chloride  of  calcium  with  hydror-hloric  acid  gas; 
with  a  mixture  of  e^jual  volumes  of  hydrochloric  acid  gas  and  carbon^ 
acid  gas,  chloride  of  calcimo  and  carbonate  of  lime  are  pnx 
(Pctzhi.ldt.)  Lime,  on  which  aqueous  h3'<Irocldoric  acid  is  drop|K 
emits  light  visilile  in  a  dark  room.  (Heinrich.) — Chloride  of  calciua 
rendered  anhydrous  by  heat  is  white,  opaque,  anil  porous;  but  after  fusio 
forms  a  ilcnsc,  truns|i.irent  nias.s,  of  crystalline  granular  texture  ;  specifi 
gravity  about  2-0401  (Karstcn);  2-214  to  2-269  (Pol.  Bonllay).  Fuses  i 
a  strong  red  heat  (Dulong);  is  rendered  phosphorejwent  by  irradiatiofl 
{^UoTnJbfrfi's  I'luo9])1vornt);  a  non-conductor  of  electricity  (H.Davy);  has  i 
rough,  bitter  taste. 

By  ignition  in  the  air,  a  email  portion  of  the  chloride  of  calcium  is  con 
vorled  into  lime,  so  that  the  solution  has  an  alkaline  reaction.  (Licbig.] 
The  longer  it  is  ignited,  esjfecially  if  frequently  moistened  with  wat 
the  larger  is  the  quantity  of  lime  left  behind  on  subso<iuently  dissolving 
it  in  water.  If  it  be  fused  in  a  platinum  crucible,  the  lime  produced 
attacks  the  platinum  strongly,  and  the  mass  acquires  a  brownish  grey 
colour.  (E.  Kraus,  I'og'j.  43,  138.) — If  carbonic  acid  gas  is  jiassed  for  an 
hour  and  a  half  into  a  crucible  containing  chloride  of  calcium  kept  at  a 
white  heat  aud  Mtirred  up  with  a  rod  of  pijio-clay,  a  dark-brown  mass  is 
obtained,  from  which  water  extracts  chloride  of  calcium  and  a  small 
qnantily  of  caustic  lime, — while  light-brown  flakes,  consisting  of  car* 
bonate  of  lime,  platinum,  and  a  little  silica  from  the  pipe-clay,  remaf 
undissolved.  (Pettholdt,  J.  pr.  Clu-m.  17,  464.) — Chloride  ot  calciur 
trcatcil  with  '>/)  of  vitriol,  give?  off  hydrochloric  acid  gaa.    Distilled  wit 
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Aquoons  neetio  acid,  it  yields  more  or  less  hydrochloric  acid,  with  formft- 
Uou  of  itcotate  of  lime.  (Bnchncr,  Eepert.  14,  489.) 


Calculation. 
200     ...     361 
35-4     ....     63-9 


Urc. 
36-7 
63-3 


Dobcreinor. 
61  54 


C«,C1    55-4 


1000 


C^,Mu6»  S5-4 


Calculation.  Berzclios. 
..™  28-P    ....     50-54  ....    51-117 
27-4    ....     49-46  ....     48-883 

Toooo  ....  100~000~ 


100-0 

Morcet. 
...     60-77 
,.     49-23 


10000 

WcnzeL  BcrthoUct. 
,...    49     ...     42-7 
...     51     ....     57-3 


100-00 


100 


100-0 


Sfjr-hij  ft  rated  Chloride  of  Calcium  or  Penta-hi/drattd  Ilytlroclilorate  of 

_JLime. — Fixed  lal-ammoniac,  Sal-ammnniacuvi  Jlxum. — ChJoride  of  cal- 

combincB  with  water,  the  cunihination  beinp  attended  with  evolu- 

I  of  heat.     It  absorbs  water  greedily  fruin  other  subRtances,  especially 

gaoes,  and  deliquoscoa  rapidly  in  the  air.     Chloride  of  calcium  is 

Diaiued  aa  a  by-product   in  the  preparation  of  caustic  ammonia  and 

WtM>natc  of  ammonia;  in  an  impure  stale,  also,  from  the  mother-liqnor 

«f  njaay  salUiiprings.     A  highly  concentrated,  hot  solution  yields  crys- 

ials  on   cooling.     Regular  six-sided  prisms,  often  striated  (as  Ft/;.  H6, 

Inlwith  the  jD-face);  r  :  <r  =.  120°  to  121°  or  nearly  so.    The  crystals  melt 

<»jui-iderably  below  100^. — If  kept  for  twelve  days  in  vacuo  in  the  summer 

liiii'  ,  they  part  with  4  atoms  of  water  and  become  ojiaque,  but  do  not 

(.ill  ic.  pieces:  after  this  change,  they  resemble  talc,   and  retain  only 

an  of  water,  CaCI,  2H0.  (Graliam,  ylnn.  I'lutrm.  29,  31.)     At  200° 

iiiso  and  part  with  4  atoms  of  water,  leaving  a  white  porous  mass. 

(Miuiclierlich.)     They  effloresce  when  placed  over  oil  of   vitriol   under 

the  pvaiX)niting  receiver.  (Bonsdorff.) — Heated  above  the  melting  point, 

ill  bt-Iotv  ignition,  the  compound  swells  up  strongly  and  gives  off 

'  hole  of  its  water. 


Ci7>tallized  1 
c»a     

Chloride  of  Caldam. 
.     55-4      -.     50-64 
,     54-0    ....     49-36 

Berzclius. 
..     .       50-397 

6H0 

49-603 

CaCl  +  6Aq 

Or: 

CaO    ...._ 

HCl    „., 

.  109-4 

....  10000 

280       

30-4       

45-0       

100000 

25-60 
33-27 

5HO  

41-13 

C»0,HCl  +  6 

iq 

109-4       

10000 

C.iCI  +  GAq  corn.wpontl.5  to  the  most  highly  concentrated  hydrochloric 
acid  (II.,  324)  =  HCl  +  6A4.   (Kane.) 

Anhydrous  chloride  of  calcium  dissolves  in   water  with  evolution  of 

'"•«<  :  lh<!  crystalli/.e<l  (•alt,  with  production   of  cold  ;  hut  l>oth  <leliijuc8co 

iy  in  the  air.    1 00  parte  of  chloride  of  calcium  in  powiler  expo«ie<l  to  an 

..,,..  ,-|ihere  saturated  with  moihturo,  absorb  124  jiarls  of  water  in  06  days; 

iiiru-h  more,  therefore,  than  i«  rciniirc<l  for  complete  deli(^uesccncc.  (Brandcs, 

.s'<//./'.  ,SI,  433.) — Crystallized  chloride  of  calcium  dissolves  in  half  its 

w(if,'tit  of  water  at  0",  in  one-fourth  of  its  iveight  at  16',  and  in  every 

•    ii  of  hot  water.     Both  dry  and  hydratcd  chloride  of  calcium  »ro 

ubie  in  alcohol. 
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Strength  (jfan  Aqueotu  Solution  of  Chloride  of  Calcium,  aecoriHnrf 
Richter.  {.Stodiiovi.  3,  171.) 


i»-fr- 

P<r»ol. 

»p.tt. 

rcrccot. 

9p.«T. 

P»r  eeot. 

Sp-BT. 

H 

M» 

41-91 

1-33 

34-57 

1-21 

23-93 

1-09 

U 

1-48 

4043 

1-30 

32-35 

1-18 

20-85 

106 

J 

1-39 

38-31 

1-27 

2967 

1-15 

17-60 

103 

\ 

1-36 

36-49 

1-24 

26-96 

1-12 

U-42 

B.  Hydratgd  Citlorioe  op  Calcicm  and  Lime  or  HYnai 
Tetka-hydrochlorate  of  Limb. — Noticol  by  Bucholz  and  Troii 
•lorff,  also  by  BertboUct,  [Stnl.  Chim.  1,  350),  and  more  particnltu-ljl 
aniiucd  by  H.  Rose,  i.ScAui.  29,  15.5.)  Wben  chloride  of  calcium  is  bi 
with  hydrate  of  limo  in  a  email  quantity  of  water,  or  when  the  rod 
obtaine<l  in  the  preparation  of  liquid  ammonia  is  exhausted  with  »  M 
quantity  of  water  and  filtered  hot,  this  compound  crystallizes  out  in  ] 
alender  neetlles  as  the  solution  cools.  These  crystals  are  resolved  by  wj 
or  alcohol  into  chloride  of  calcium  which  dissolves,  and  hydrate  of  \ 
which  remains  andissolvcd;  water,  however,  takes  up  a  small  portio 
lime  together  with  the  chloride.  The  carbonic  acid  of  the  air  convert! 
crystals  into  a  mixture  of  carbonate  of  limo  and  hydrated  chloride  of 
cium.  (H.  Rose,  vid.  also  Palm,  Tascfienh.  1821,  167.) 

Crystallized. 

3C»0 84-0        29-64 

C»Cl  ...._ „     55-4         19-55 

16HO    144-0        50-81 


3C4O,  C*a  ■*■  16Aq.    283-4      100-00 


Or: 

H. 

1             40.0  .. 

.  112-0 

39-52     . 

...     43 

i             MaO= .. 

.     27-4 

9-67     . 

-    ! 

I            16HO.. 

.  144-0 

50-81     . 

283-4      100-00 


C.  HYPOcttLORiTB  OP  Lime. — Known  only  in  a  state  of  mil 
with  chloride  of  calcium  in  equivalent  proportions,  forming  the  comp 
rjiUed  Chloride  of  L  ime. 

a.  Chloride  of  Lime  in  Powder. — Formalu/n. — Clilorine  gas  is  I 
absorbed  by  quicklime  or  by  carbonate  of  lime.  Hydrate  of  lime  I 
milk  of  lime  absorb  it  rapidly,  with  rise  of  temperature,  and  nearlj 
atomic  proportions. 

2C4O  +  2a  =  C»a  +  CaO,  CIO. 

In  saturating  dry  hydrate  of  lime  with  chlorine  gas,  Wcies  ob 
an  emission  of  light.  (Kagln.  Arch.  25,  182.)  By  saturating  hydrat 
limo  rapidly  with  chlorine  gas,  its  temperature  may  l>e  raise<l  to  i) 
(Morin.)  One  atom  of  limo  slaked  with  only  ^  At.  water  alia| 
but  \  atom  of  chlorine ;  slaked  with  from  1  to  2  atoms  of  water,  howei 
it  absorbs  |  At.  chlorine.  (Morin.)  According  to  Welter  and  DaB 
one  atom  of  hydrate  of  lime  never  absorbs  more  than  |  At.  ohloij 
This,  however,  is  to  bo  explaine<l  by  the  fact  that  lime  slaked  in ' 
ortlinary  way  is  generally  mixeii  with  jKirtions  of  quicklime,  and  on  I 
account  cannot  be  perfectly  saturated  with  chlorine.  Lime  slaked  n 
a  large  quantity  of  water — the  eice^  of  which  is  afterwards  driven  oi 
a  hoat  a  little  alxive  the  luiiling  point — absorbs  chlorine  nearly  in 
pro}>ortioii  of  one  atom  of  chlorine  to  one  atom  of  lime  (53  parta  of  el 
rine  to  -17  parts  of  lime.)  (Houton-Labillardiere.)  According  to  UrOL 
parta  of  lime  exposed  in  the  state  of  hydrate  to  chlorine  gas,  absorb  tf 
24  to  28  parts,  or  not  ouite  one  atom,  though  much  more  than  half  an  1 ' 
of  cJihriuo.     If  the  culoriao  is  passcti  at  first  in  too  great  quautity  1 
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kydrate  of  l!me,  absorption  takes  place  so  rapidly  that  the  tempera- 
"**  rises  very  considerably.  Even  if  the  heat  evolved  reaches  only  30^ 
»'  from  that  temjienituro  to  119"  (86^  to  246-2"  F.),  the  limo  absorbs  the 
''"Ue  ijuauiity  of  chlorine  gas  as  in  the  cold,  but  is  found  to  possess  only 
two-thirds  of  the  bleaching  power.  Hence  n  temperature  between  30'' 
and  111)"  caugea  the  change  of  ^  of  the  chlori<le  of  lime  (or  hypochlorite 
"' linic)  into  chiuri Jo  of  calcium  and  chi«rate  of  lime;  this  change  occurs 
''thout  any  escape  of  oxygen  gas.  (Muriii,)  According  to  E.  Dingier, 
oxygen  gas  ia  evolved  when  tho  absorption  ia  attended  with  evolution 
"'  heat. 

Prrparalion.     Well  slaked  limo  is  saturated  -with  chlorine  gas,  rise  of 
(<!iii|K"ratnre  being  carefully  avoided.     On  the  large  scale,  the  limo  is 
kinked  by  immersing  sieves  filled  with  it  in  water  and  withdrawing  them 
again  immediately,  whereupon  the  limo  cnimbjos  to  powder.    By  this  treat- 
mtnt,  however,  tho  lime  is  but  imperfectly  slaked,  and  contains  too  little 
*aler:  it  should  thercf<ire  be  slakeil  with  a  large  quantity  of  water,  and 
brought  to  the  consistence  of  cream,  and  tho  excess  of  ■water  afterwards 
expelled  by  heat.  (Houton-Labillardicrc.)     An  excess  of  water  in  tho 
iioof  limo  renders  the  absorption  more  diUicuU.  (Dingier.)     The 
■:e  gas  must  bo  slowly  jjust-ed  into  the  hydrate  of  lime  at  the  com- 
ment,— otherwise    the    temperature   will    rise  and  the   bleaching 
will  be  weakened.     Labarr.ique  {J,  Chim.  Med.  2,  IGJ),  mixes  the 
muistoucd  hydrate  of  lime  with  -^-^  of  its  weight  of  common  salt,  by  which 
means  the  alisorption  is  greatly  facilitated. 

On  the  largo  scale,  the  chlorine  is  prepared  from  peroxide  of  nian- 
gauesu  and  hydrochloric  acid  (or  peroxide  of  manganese,  common  salt, 
and  sulphuric  acid)  in  vessels  of  cast  iron,  lead,  glass,  or  earthenware, 
heated  by  steam  or  in  a  sand  bath.  The  gas  is  passed  through  a  leaden 
tubo  into  a  le.idcn  vessel  containing  water,  where  the  impurities  are 
depoMted,  and  then  into  the  hydrate  of  lime.  The  lime  is  placed  in 
ihin  layers  either  on  tho  stone  lloor  of  a  chamber  built  of  sandstone  or 
brick,  and  occiwionally  stirred  about ;  or  on  several  shelves  or  dishes 
arranged  in  a  chamber  one  above  the  other;  or  it  is  put  into  vessels 
connected  by  tubes  through  which  the  chlorine  is  admitted  and  car- 
pied  off. 

Chloride  of  lime  must  be  preserved  in  well  closed  vessels,  kept 
cool  and  away  from  the  light. 

It  is  a  white  powder,  usually  moist,  and  smelling  slightly  of  hypo- 
chlorous  acid. 

Calculation.  Ure.  Houton. 

OiO    280    ....     38C8        ....        •431  ., 

HO 9-0    ....      12-43  '"'      ■■ 


CI 


354 


<8-89 


Ure. 

171 
40 


53 


72-4 


10000 


C«0,  HO  +  CI . 

Or: 

C»Cl 55-4 

CnO.ClO    „ 71-4 

2H0 18-0 


100 


100 


3820 
49-31 
12-43 


CaCl  +  CaO,  CIO  +  2Aq 144-8 


10000 


Erory  specimen  of  chloride  of  lime,  whether  prepared  on  tho  large 
or  the  small  scale,  contains  less  chlorine  than  tho  calculated  quantity; 
becancc  eitlicr  more  or  less  of  tho  limo  always  remains  uncorabined : 
TOL.  in.  ■* 
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perfect  eatnration  with  clilorine  would  probwbly  even  interfere  with  M 
Bleaching  properties.  Honton-LabillarditTC  eetitnat«d  tbo  ninount  ■ 
chlorine  too  hi}.'h.  ._^^B 

Chloride  of  lime  is  changed  by  heat  into  a  mixture  of  ehlodJ^H 
calcium  and  chlorate  of  lime,  with  evolution  of  oxytrc"  ••ind  /-omotimlCHH 
of  chlorine  gas;  at  the  same  time,  it  loses  it«  bleaching  powers.  NVhctUi 
chloride  of  lime  jjossesses  its  full  bleaching  jwwer  =  loO",  or  from  rise  M 
t«mperature  during  the  abEor}>tion  of  the  chlorine,  one-third  of  thatpowM 
is  lost,  and  67'^  only  romaine, — it  still  ovolvca,  when  strongly  heutcd,  tifl 
Bame  amount  of  oxygen  gus.  An  evolution  of  chlorine  sometimes  pr^| 
cedes  that  of  the  oxygon,  if  the  heat  bo  very  gmdaally  increased  (eapeoialjj 
when  the  lime  ia  saturated  as  completely  ait  possible  with  clilurialH 
Ure.)  18  atomn  of  chloride  of  lime  are  resolved  in  this  manner  inM" 
12  atoms  of  oxygen,  17  atoms  of  chloride  of  calcium,  and  one  atom  of 
chlorate  of  lime.  (Morin.)  ^ 

9c«ci  +  9(Cao,ciO)  =  120  +  i7C«a  +  c«o,ao«.  H 

At  a  lower  temperature,  therefore,  ^  of  the  hypochlorite  of  lima  jM 
resolved  into  chloride  of  calcium  and  chlorate  of  lime,  the  other  ^  remaii^| 
ing  unchanged;  and  the  residue,  if  afterwards  more  strongly  heated,  ijnjH 
longer  decomposed  in  the  snnie  manner,  but  resolved  into  oxyg0^^^t 
and  chloride  of  (■alcium.  (Moriu.)  [The  cause  of  this  reaction  1Q|H 
to  l>e  explained.]  Blenching  powder  exposed  to  the  air  soon  attreaH 
moisture,  au<l  linally  dcHi|ueHces,  slowly  evolving  oxygen  gas,  and  foroH 
ing  a  liquid  which  no  longer  bluachus,  and  contains  chloride  of  calcinilfl 
(Morin,)  [The  other  dcoompositioos  will  be  given  under  HoltUion  i^t 
chlorid«ofliine.]  fl 

6.  Holution  of  Chloride  of  Lime. — BUaching  Liquid. — 1.  Pow<]ot^| 
chloride  of  lime  is  treated  with  water;  and  the  solution,  which  containt  fl 
small  quantity  of  free  lime  besidci<  the  chloride,  is  separated  by  doi'ftutaticfl 
from  the  insoluble  reiiidue.  Chloride  of  lime,  shiikcn  up  with  half  iH 
weight  of  water,  yields  a  iiltrat«  containing  4  per  cent,  of  chlorine;  tlfl 
first,  second,  and  third  washings  yield  solutions  of  the  same  strength  ;  bol 
afterwards  the  filtrate  becomes  poorer  in  chlorine.  If  the  chloride  ai 
lime  contjiincd  chloride  of  calcium  ready  formed,  the  first  extract  would 
bo  much  richer  in  chlorine.  (Dingier.) — 2.  Chlorine  gas  is  passed  throu^l 
milk  of  lime  nearly  to  saturatioD,  and  the  liquid  decanted  from  the  exolB 
of  lime.  An  excess  of  chlorine  would  cause  a  partial  formation  of  chlfl 
rate  of  lime,  and  le.'jscn  the  bleaching  power.  Chlorine  water  does  nfl 
act  on  carbonate  of  lime.  ■ 

Transparent  and  colourless  liquid,  having  a  slight  odour  of  hypfl 
chlorous  acid,  and  an  astringent  taste.  [The  liquid  kejitin  large  vesafl 
at  the  well  conducted  manufactory  of  Keatner  at  Than,  exhibits  a  bri^| 
blue  colour  by  reflected  light.  Does  this  colour  properly  belong  to  1^| 
aqueous  solution  of  choride  of  lime  1]  H 

The  solution,  when  boiled,  evolves  pure  oxygen  gas,  loses  its  bleaobifl 
power,  and  afterwards  contains  a  mixture  of  one  atom  of  chlonitc  of  ti^| 
with  17  atoms  of  chloride  of  calciunj.  (Morin.)  This  decomposition  ia  tfl 
same  as  that  which  takes  place  with  the  powdered  chloride  of  lime,  fl 
is  immaterial  whether  the  solution  obtained  from  the  chloride  of  lime  pifl 
pared  in  the  cold,  and  having  a  bleaching  power  =  100'',  be  employed,  fl 
that  from  the  chloride  formed  at  a  higher  temperature,  and  havingS 
bleaching  power  of  67°.  Both  evolve  the  same  quantity  of  oxygon  gifl 
aad  yield  tbo  same  quantities  o£  cbloTaVo  oi  Vvtuc  viuiV  (^V\otviia  o^  caloio^| 
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^tte^HcT  variety  contains  Uie  same  proportion  of  cblorate  of  lime  before 
I,  *«  after  the  expulsion  of  tlie  oxygen  pus.     ConBeqnently, 
ion  of  cliloriile  of  lime  of  100"  blea4:hinij  power,  two  changes 
-iinuhuacoufiiy  ou  the  ajiplicution  of  heat — namely,  tliat  of  one- 
■I  the  ooui|iouu<l  into  chloride  of  calcium  and  chlorate  of  lime, — 
:it  of  thi>  other  two-thirds  into  chloride  of  calcium  and  oxygen  gaa; 
i-.  in  the  solution  of  chloride  of  lime  of  67'''  bleaching  power,  the 
'hange  only  takes  place.  (Morin.)     Even  in  close  vessels  at   or- 
lempcratureji  the  liquid  slowly  evolves  oxygen  gas,  especially  if 
'1  to  light,  and  finally  there  remains  a  solution  of  chloride  of  calcium 
'■  'ic'slitute  of  bleachiug  properties.  (Grouvelle,  Morin.) 
If  tho  chloriile  of  lime,  previously  to  being  dissolved,  has  lost  a,  third 


'ling  power  from  evolution  of  heat  duriug  the  absorption  of  the 

'  decomposed  liquid  contains  chlorate  of  lime  as  well  as  chlo- 

oalcium.   (Moriu.)     Exposed  to   the  direct  Riys  of  the  sun,  tho 

lin..H'lilorite  of  lime  is  converted  into  chlorite,  CaO,  C10\    (Gay-Lussac, 

J'hurtii.  39,  124.)     Acids,    including   oven   the  carbonic,  convert 

lu  of  lime  into  a  lime-salt  and  free  chlorine. 

CaCl  +  CaO,  QO  +  2SO»  =  2(CaO,  SC)  +  2a. 

Ifnddod  in  insufficient  quantity,  they  also  give  rise  to  the  evolutiott 

M  liypochlorous  acid.     Carbouic  acid  gas  passed  through  bleaching  liquid, 

»«»tryys  its  bleaching  powers,  expelling  chlorine  gas  and  precipitating 

''c'l'Miate  of  lime;  a  small  quantity  of  chloride  of  calcium  only  remains 

'I'  'Ivod,   together  with  a<Md  carbonate  of  lime.     Atmospheric  air  acts 

"I  ii  Mmilar  manner,  but  more  slowly;  but  if  previously  freed  from  its 

rsfliuiiic  acid  by  being  passed  through  potash,  it  produces  no  change 

»/ii(e*cr.  (Gaultier  de  Claubry.)     In  the  open  air,  the  liquid  gradually 

(lolvi's  chli-irine  gas,  and  becomes  covered  with  a  crust  of  carbonate  of 

if  this  film  T>o  broken  up  from  time  to  time,  tho  conversion  into  cap- 

•  >f  lime  and  chlorine  is  completely  accomplished  in  the  course  of  a 

Hut  when  the  crust  is  allowed  to  remain,  tho  liquid  is  slowly  resolved, 

lose  vessels,  into  oxygen  gas  (free  from  chlorine)  and  chloride  of 

1 — a  I'ircumsLinco  which  must  be  attended  to  when  the  liquid  is 

cd  for  dijiufecting  purposes.  (Morin.)     Bleaching  liquid  destroys 

0'  iirs  and  the  odour  of  decomposing  organic  matter,  but  only 

JB  ■       ,        nco  of  an  acid  which  sets  chlorine  free.     Tincture  of  lilmns 

if  not  immediately  decolorized  by  bleaching  liquid,  but  only  after  somo 

tini    "'  '"  -■ 

b 


1,1'   tin 


action  of  the  carbonic  acid  in  tho  air ;  the  effect  is  accelerated 

the  air  from  tho  lungs  through  tho  liquid.  (Gmelin.)     If  air 

••  II  through  putrid  blood,  aud  then  through  bleaching  liquid, 

■■••a  carbonate  of  limo  from  tho  latter  and  loses  its  bad  odonr; 

I.,  iM.«.>.  I,  it  bo  passed,  first  throngh  putrid  blood,  then  through  potxwh 

•r  milk  of  lime — which  absorb  the  carl>onic  acid — an<l  liistly  through 

bleaching  liquid,  it  retains  tho  bud  odour.  (Gaultier  do  Clanbry,  -'Inn. 

Cktm.   I'ht/n.  33,  271.)     Carbonate  of  jiotash  preciiiitates  carbonate  of 

Unin  from  bleaching  liquid,  producing  a<|ueous  chloride  of  potash.     If  the 

LI»^«cIiinL'  liquid  is  obtained  by  di»solving  chloride  of  lime  of  C7'''  strength, 

■   of  limo  which  it  conljiius  is  converted  into  chlorate  of  potash, 

forn*  may  be  quautitativcly  estimated.  (Morin.)     [For  a  fur- 

I  of  the  properties  of  chloride  of  lime,  vid.  II.,  301 — 304.1 

ride  of  Limo  vidt  Dalton,  {Ann.  PhU.  I,  15;  2,  6;  also  Sfhw. 

,;  Jl,  36;  further,  P/mV.  Maij.  C5,  120.— Welter,  intt.C'fcim.i'ht. 
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7,  383;  also  N'.  Tt:  3, 1,  244.— Thomson,  Ann,  Phil.  13, 182;  mlio^".  Tr. 
4,  2,  76;  and  further,  Ann.  Phil.  15,  401. — Grouvello,  Ann.  Chim.  Pkyn. 
17,  37.— Ure.  Quart.  J.  of  Sc.  13,  1;  also  S<-hw.  35,  183.— Gay-Lu 
Ann.  C'/iim.  J'hys.  2rt,  163;  also  Reptrt.  1!),  424. — Honton-Labi'llardien 
J.  Chim.  M»J.  1,  501.— Chevallier,  J.  Chim.  Med.  2,  173.— Morin,  .4/ 
Chim.  Phyi.  37,  139;  ab.9lr.  J.  Pharm.  14,  336.— Marezeau,  Pogg.  22,  27 
— E.  Dingier,  Kastn.  Arcli.  18,  252.) 

D.  Chlorate  of  Lime. — Formed  on  heating  tho  chloride  of  lit 
An  aqueous  solution  of  chloric  acid  is  saturated  with  lime,  and  ovaporat 
to  tho  crj'slallizing  point.  The  salt  crystallizes  in  rhoniboidal  prisn 
(WSchtcr.)  The  crystals  melt  in  tlieir  own  water  of  crystallization  wh* 
gently  heated,  and  arc  dccompo-sod  in  the  same  manner  as  the  bar 
ealt  (Wficliter);  they  contain  283  per  cent,  of  lime,  55-2  of  chloric  acS 
and  16*5  of  water  =  CaO  CIO*  +  2Aq. ;  detonate  slightly  on  i^'nitd 
charcoal;  deliqucsco  in  the  air;  and  dissolve  readily  in  water  and  alcoha 
(Chonevix.)  From  an  aqueous  solution,  iodic  acid  precipitates  iodate  i 
lime.  (Serullaij,  Ann.  Chim.  Phys.  45,  281.) 

E.  Pebctilobate  op  Lime. — Tho  solution  evaporated  to  a  symi 
consistence,  soli<iifies  on  cooling  and  forms  a  mass  which  rapidly  deH 
quesces  when  expo.sed  to  the  air,  oven  in  a  drying-chamber:  its  alcohol 
solution  burns  with  a  reddish  flatuo.  (SeruUas,  .inn.  Chim.  Phyt.  46,304 


Galcicm  and  Fluorine. 

A.  Plvobide  of  C.vlcium. — Found  in  tho  mineral  kingdom  a* /7n»4 
tpar;  also  in  animal  bodies,  and  in  some  miuor.il  waters. — On  mixing  tfa 
aqueous  solution  of  a  lime-salt  with  .iqucous  solution  of  hydrofluoric  acifl 
fluoride  of  caliiuin  is  oblaini'd  in  the  form  of  a  tr.inslucent  ^^elatiuol 
precipitate,  M-hicli  lias  a  reddir.h  opalpsccnt  lustre,  stops  up  the  filter,  an 
cannot  be  wa.slioJ;  by  tho  a<ldition  of  aitmioniri,  iiowever,  it  is  rendere 
somewhat  n:ore  compact.  On  tho  contrary,  by  treating  freshly  precip 
tated  carbonate  of  linio  with  aqueous  hydrofluoric  acid,  the  fluoride  i 
calcium  is  obtained  as  a  granular  powder,  which  may  be  easily  wa^he 
From  the  concentrated  solution  of  any  lime-salt,  hydrofluoric  acid  thron 
down  fluoride  of  calcium,  in  light  flaUes;  in  very  dilute  or  highly  acM 
solutions  of  lime,  the  |irecipituto  is  not  produced  without  tho  addition 
ammonia.  (Berzelius,  Poyy.  1,  20.)  Fluor-spar  belongs  to  the  regular 
system  of  crystallization;  Fi<j.  1,  2,  3,  4,  .5,  6,  8,  0.  Cleavage  distinc 
parallel  to  the  ff-surfnco.  Spccilio  gravity,  from  3'14  to  3'177.  It  i' 
crepitates  when  healed,  and  fuses  at  51"  Wedgwood.  (Saussure.)  Fu 
in  a  porcelain  furnace,  :uul  un  cuoling  solidities  to  a  cry.stalline  raa.ga  i 
diflerent  density,  and  having  tho  cleavage-jilanes  of  the  octohedroB 
(Magnus,  Pogg.  20,  482.)  Becomes  phosphorescent  by  insolation  aad  bj 
neat.     Tasteless.     Permanent  in  the  air. 


Calculation.  11.  Davy. 

C» 200     ....      52-C8  ....       .i.H-313 

F    187     ....      •47-32  ....       -lOliS/ 

C«F 38'7     „..    10000  ....  lOOUOO 
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Or :  CilcuUtion. 

Lime 280  72-35 

H  J  p.  Anhyd.  Fluoric  Acid  10/  27-65 


B«nelias.  SirH.DiTjr. 
72-6855  72-7 

27-3145  27-3 


H;p.  Anhyd.  Fluoride  of  Calcium  ....     3S'7 


Klaproth. 
67-75 
32-25 


Tliomcon. 
65-7 
34-3 


100-00 

Richter. 
65 
35 


100-0000 

DnltOD. 
60 
40 


100-0 


10000 


100-0 


100 


100 


Fluor-spar  fuses  rcaiiily  when  fir.<t  heated  liy  the  blowpipe;  but  by  pro- 
longed i;rTiition.  it  •fnidmilly  turves  hydrufluoric  acid  and  is  chan;a;ed  into  a 
blistered  infutfiMe  maasof  jiure  lime.  {Sniithson,  Anu.  Phil.  23,  101.)  It 
16  not  deooniiHised  by  hoilin;^  with  a  sohition  of  potash  or  soda,  or  by 
fasinn  with  their  hydrates;  but  when  it  is  fused  in  a  finely  divided  state, 
with  carbonate  of  potash  or  soda,  carbonate  of  lime  and  flnorido  of  polas- 
eiuiii  or  sodium  aro  produced.  (Berzeliu».)  The  decomposition  is  only 
])artial.  (Berthier,  Gmolin.)  The  vapour  of  anhydrous  sulphuric  acid 
docs  not  affect  fluor-spar  at  a  red  heat ;  that  of  oil  of  vitriol,  however, 
decomposes  it  very  easily-  (Kuhlinann,  /Jti-:.  Jn/ireabfric/it,  8,  80.)  100 
parts  iif  fliiorspiir  ignited  with  oil  uf  vitri<d,  leave  175  parts  of  sulphate 
of  lime.  (Borzclius.)  With  cold  oil  of  vitriol,  fluor-spar  yields  a  clear 
ropy  liipiiil  (if  it  contain  silica,  however,  it  effervesces,  and  does  not  yield 
a  tran.fp.ircnt  fluid,  on  account  of  the  formation  of  gypsum) :  decomposi- 
tion commences  at  40",  anil  the  transparency  is  destroyed.  Water  sepa- 
ktos  the  fluor-spar  from  the  cold  solution.  Cuncentr;ited  hydrochloric 
ad  uitric  acids  behave  in  a  similar  maunor,  only  they  do  not  jiroduco  so 
viscid  a  liquid.  Boiling  nitric  aciil  decomposes  fluoride  of  calcium  par- 
tially. Boiling  dilute  hydrochloric  acid  dis-solves  a  .small  quantity,  which 
is  a^-ain  precipitated  by  alkalis,  and  likewise  remains  behind  when  this 
)ir|uid  is  evaporated.  When  silica  is  present  in  the  fluor-spar,  nitric  and 
"fcydrochloric  acids  dissolve  a  larger  quantity,  in  the  form  of  fluoride  of 
liliciuni  and  calcium.  Aqueous  hydrofluoric  acid  takes  up  but  a  very 
small  quantity  of  fluor-spar.  It  does  not  evolve  heat  with  this  acid, 
uulv88  it  contains  silica.  (Berzelius.)     Insoluble  in  water. 

B.  HYDUATEn  FmouoRiuE  OF  Calcium,  or  Hydroflc ATE  of  Borate 
OF  LiMF,. — Obtained  by  the  spontaneous  evaporation  of  a  solution  of  car- 
bori.'ite  of  lime  in  tetni-hydrofluato  of  horacic  arid  (the  lime  not  being  in 
exccH^),  or  of  a  solution  of  urtilicially  prejiared  fluoride  of  calcium  in  ter- 
rdrofluate  of  boracic  acid.  It  forms  a  gelatinous  iirecipitiile,  having  an 
_(l»d  tasle  and  reddening  litmus.  Water — especiiilly  when  hot — decoui- 
po-seN  this  compound,  dis.«olving  out  an  ncid  salt,  auu  leaving  a  batic  salt 
which  contains  fluoride  of  calcium  in  excess.  (Berzelius.) 


Calcidm  and  Nitrogen. 


A.  Nitrite  op  Limf,. — Prepared  like  nitrite  of  baryta,  by  the  first 

aethod.     If  Or  more  readily  by  treating  a  boiling  aqueous  solution  of 

itrtt<o  of  silver  with  lime-water — pa-isiug  sulidiuretted  hydrogen  through 

"ttio  clear  liquid,  if  (he  silver  salt  is  iu  excess,  or  carbonic  aciil  gas  if  the 

Ittno  prcdominatea — and  evaporating  to  the  crystallizing  point.   Prismiitic 
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crystals  insolnblo  in   dilute  alcohol.    (Fischer,  Poffy.  74,  ll.").)  ^      It 
exhibits  the  same  properties  as  the  nitrate,  cloliquescing  with  the  MO 
rapidity.     Contains  27-345  per  cent,  of  lime.  (Hess,  Po<jg.  12,  260.) 

B.  Nitrate  op  Lime. — a.  Basic. — A  concentrated  solution  of  thfl 
neutral  salt  is  boiled  with  hydrate  of  lime,  and  the  mass  washo<l  will 
alcohol  of  40'^  Bra.,  which  dissolves  the  excess  of  nentnil  salt,  without 
acting  on  the  basic  compound.  Water  docoraposcs  it  into  hydrate  of 
lime,  and  the  normal  salt  which  dis-solves.  (Millon,  J.  Pharm.  2!),  184.) 

6.  Mononitrate. — Lint);  Saltpettr;  Wall  Saltpetre. — Found  in  oerfl 
xal  springs,  and  often  in  a  state  of  efflorescence  on  walls,  into  yrhic 
urine  and  other  organic  liquids  penetrate.  Formed  also  in  nitre  be ' 
Lime  omits  a  feeble  li;j;htwhen  nitric  acid  is  dropped  upon  it.  (Hcinrich-] 
The  salt  may  bo  prepared  by  saturating  aqnooua  nitric  acid  with  liino  i 
its  carbonate,  evajiorating  to  drynes.s,  and  rendering  the  residue  anhydrofl 
by  heat.  White  mass,  havinir  a  sharp,  warm,  and  bitter  taste.  May  I 
heated  to  incipient  fusion,  without  being  decomposed.  Baldwin'*  Phc 
p/iortit  is  prepared  by  melting  the  salt  till  the  nitric  acid  begins  to  dccon 
pose.  (I.,  194.)  When  heated  above  its  melting  point,  it  evolvea  vapoti 
of  hyponitric  acid  and  oxygon  gas;  detonates  slightly  with  oombustibli 
sulwtanccs. 

Anhydroas.  WcnzrI.  Longchamp.  Rirhter. 

CsO  28     ....      34-14       ...       33-8      ..,,       34-885         .       3.'>-94 

NO»  64     ....       65-86       ....       CC-2      ....      65-115      ...      61-06 


CaCNO...     82     ....     100-00 


100-0      ....     100-000 


10000 


From  an  aqueous  solution,  tbo  salt  OTystalllzcs  in  combination  wit 
4  atoms  of  water.  (Hess,  Millon,  Compt.  rtnd.  14,  905.)     Forms  six-sida 
prisms  with  acuto  pyramidal  summits.    The  crystals  melt  to  an  oily  liqii 
when  heated,  and  lose  their  water  of  crystallization  at  ordinary  temper 
lures  when  placed  over  oil  of  vitriol  in  vacuo  (Millon);  they  deliquesci 
rapidly  in  the  air,  dissolve  in  one-fourth  their  weight  of  water,  ami  like- 
wise very  readily  in  alcohol.     According  to  Mitschcrlich  {Pogg.  18,  ISOj 
the  hyilrated  wait  is  precipitated  as  a  crystalline  powder  from  an  aqueoH 
solution  by  ccncenti-ated  nitric  acid. 


c»o  ... 
NO*  ... 
4H0... 


CrrstaUized. 

B«rgiiiu. 

28     ....       23-73 

....      32 

54     ....      45-76 

....      43 

36    ....      30-61 

....      25 

CbO,NO<  -t-  4Aq,  ....  118 


100-00 


100 


C  CxJinoNATE  OP  Lime  wiTn  Ammonia? — Lime-water  and  cbla 
of  calcium  are  not  at  all,  or  but  imperfectly  precipitated  in  the  cold, 
aqueous  ammonia  which  is  but  partially  saturated  with  carbonic  acid 
Complete  precii>itation  of  carbonate  of  lime  does  not  take  place  till  tli 
liqiiirl  has  been  heated,  or  has  stood  for  a  couple  of  days,  or  more  car 
nio  acid  gaa  is  passed  into  it.  (A.  Vogel,  Ann.  Chim.  89,  128;  Sckw. 
204.) 

D.   Bromide  op  CALCifM  wira  Ammonia.  —  Bromide  of  caloiTi 
fused  and  then  reduced  to  powder,  absorbs  ammouiacal  gas  with  sligll 
elevation  of  tcmpcmtUTC,  and  is  coiwcrVtd  \\\ty  a  white  volaminous  pot 
der.     The  couipound  forms  vrith  wa.\.cT  n.  cVwn.!  bc^uVaw,  VSxvj^^CiwgQaH 
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ODtte  of  limo  on  exposure  to  tlto  air.  (Rammoliiberg,  Fogg.  55, 


-) 


SNH». 
C«fir  . 


CalcoIatioD. 
510    ....      34U 
98-4    ....      C5-86 


RammeUberg. 
...       34* 
...       05-6 


3NH>,C»Br     149-4 


10000 


100-0 


E.  CuiOBiDE  OP  Calcium  witu  Am.moxia. — Chloride  of  caluiuin  ab- 
rbt  aniinoniiiail  gaa,  swelling  up  and  falling  to  powJor.  (Borzoliue.)    The 

ed  cldoride  takes  up  the  ammonia  rapidly  at  first,  but  it  is  long  before 

I  kbHorptiou  is  cumplete;  the  lumps  uf  chloride  of  calcium  aro  thereby 
BTcrtcd  into  a  powder  of  20  times  iheir  former  volume.  (H.  Hose.)    Ao- 

ling  to  Person  {Ann.  Chiin.  l^hys.  44,  317),  recently  fused  chloride  of 
iieium  does  not  absorb  ammuuia.  The  compound  loses  all  its  ammonia 
\  a  moderate  heat.  (Faraday,  U.  Rose.)  It  takes  lire  in  cliloriuc  gas, 
riUi  teparation  of  nitrop^en  )^  and  formation  of  hydrochloric  acid. 
P«tHJay.)     Water  dissolves  it  perfectly,  at  the  same  time  setting  the 

uuoia  free.  (Faraday,  H.  Rose,  Pugg.  20,  154.) 

Saturated  with  Aminnnia.  H.  Rose. 

4NH> 680     ....       5506       ....       54-35 

Caa    56'5     ....       44-94       ...       45-67 


4NH',CaCl      123-5 


100-00 


10000 


OAlXnrM  AND   PoTASSniM. 

A.  PnoBPHATE  OF  LiME  AND  PoTASH. — Wben  phosphate  of  potash 
(Added  to  lime-water,  or  a  concentrated  aqueous  solution  of  potash  is 
oiW  with  phosphate  of  lime,  an  in.solublo  compound  is  produced,  con- 

iting  of  phosphoric  acid,  lime  and  potash,  and  a  soluble  oompound  of 
>tame  ihroo  elements,  in  which,  however,  the  potash  predomiuatea. 
.SkUMure,  N.  Gthl.  3,  698;  BertboUet,  N.  Gthl.  3,  274.) 

B.  SrLPnATE  OF  Lime  and  Potash. — A  mixture  of  the  two  salta 
1  more  retvdily  than  either  of  them  alone.   Water  remores  the  aulpkate 

f  potash.  (Bracoanot,  Ann.  Chm,  Fhy*.  31,  88.) 

C.  One  atom  of  Carttonate  of  PotaiJi  fuses  very  cosily  with  1  or  2 
nim  of  Fluor-spar.     The  mass,  when  cool,  is  tmnsluueut,  vitreous,  and 

tt  laminated  crystalline  texture;  it  deliquesces  in  the  air,  and  water 
ct«  from  it  wirbonato  of  potash  and  fluoride  of  potassium;  but  tho 

or-op-ir  is  never  more  thnn  partially  decomposed.  Tho  mixture  when 
»fed  to  whiteness,  boils  up  and  evolves  carbonic  acid,  and  then  kordeus. 
bier,  Ann.  Chim.  Phys.  38,  253.) 


Calcium  and  Sodiijm. 

A.  CARnosATE  op  Lime  and  Soda.  —  a.  In  atomic  propoHiont. — 

JnJn/iirntu. — A  mixture  of  53-2  parts  of  dry  carbonate  of  soda  and  50 

rlion-Ale  of  limo   fuses  very  readily  at  a  strong  red  he«t,  and 

I  lid  as  mobile  iw  water;  when  mpidly  cooled,  it  solidifies  to  a 

U.iiiirj>arent  muhs  Irivini:  n  crystalline  fracture.     As  soon  as  the 

I  above  bright  rclneisjij  the  liquid  boiU  JMni  evoVvcs  ca.^\vw,  awA, 
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then  thickens,  and  a.t  a  white  heat  becomes  perfoctly  aolld.  (Berthier,  Jmm 
Cftim.  Phjt.  38,  248.)  i 

&.  I/i/drated. —  Found  native  as  GayhitsUe,  coveting  urao. — Predpil 
tateU  occasionally,  a  little  above  0",  from  a  solution  of  carbonate  of  soda 
purified  by  repcatcil  crystallization;  it  is  thus  obtained  in  the  form  of  d 
whilL-  j)owder.  which  is  washed  and  dried.  Gaylussite  fomis  transparent, 
colourless,  highly  lustrous,  oblique  rhombic  prisms  belonging  to  the  obliqu^ 
prismatic  system;  ii  :  u'  =  70^°  ibc. ;  cleavage  parallel  to  u  and  u'.  (Com 
dier.)  The  crystils  refract  light  doubly.  (G.  Barruel.)  Specific  gruviql 
from  1-.028  to  i05,  lioiusinc/ault.  (=  2-!)21,  Barruel.)  Harder  than  calel 
spar. — Decrepitates  slitrhtly  when  heated  :  becomes  opacjuo  from  loss  ofl 
water,  and  fuses  rapidly  before  the  blowpipe  to  an  opaque  l)ead,  whicbfl 
when  once  formed,  is  no  longer  fusible,  on  account  of  tho  escape  of  carbofl 
nic  acid  (Berliner),  and  has  a  strong  alkaline  taste.  Powdered  Gaylussilfl 
before  ignition  dissolves  sparingly  in  water  without  suflVring  decompM 
sition;  the  anhydrous  salt  is  resolved  by  water  into  carbonate  of  sodu 
which  dissolves  completely,  and  insoluble  carbonate  of  lime.  Nitric  actfl 
dissolves  the  minenil  rejulilv,  with  eflervcscence.  (Boussingault,  WnM 
C/ilm.  Pkyi.  31,  270;  also  Sdiw.  47,  247;  also  Pogg.  7,  97.)  The  artii 
ficially  jireparcd  salt  effloresces  in  a  dry  atmosphere,  and  fuses  on  charooM 
before  the  bluw])ipe  to  a  clear  bead,  which  solidifies  on  cooling  to  a  whitfl 
enamel;  after  long  exposure  to  the  flame,  the  carbonate  of  soda  sinks  iuM 
the  charcoal,  leaving  tho  lime  in  a  phosphorescent  state.  (Bauer,  PugjB 
24,  367.)  I 

Bonningnult.  Bnuor.         ■ 

Calculation.  Sativt.  Arttf'.  Prep.    I 

NnO.CO' 532     ....      3589        ....  3502        ....  .(6-2  ■ 

C»0.  C0» 500     ....      33-74         ....  .12-49        ....  34-|  ■ 

5HO 450     ....       30-37         ...  3249        ...  20-5  ■ 

148-2     ....     lOU-00        Z         100  00        Z.  99^  " 

Barruel  {Ann.  Chim.  Phys.  43,  313;  also  Sehw.  58,  361)  found  in  Gay< 
lussite  14  per  cent,  of  carhonafe  of  soda,  70  of  carbonate  of  lime,  0'7  ol 
water,  and  (>  per  cent,  uf  impurities  ;  probably  he  analysed  a  diflcreni 
mineral — a  supposition  which  is  corroborated  by  the  high  8i>ecitic  grarita 
which  he  found.  ■ 

b.  One  Atom  nf  Carbonate  of  Soda  and  2  Atomt  of  Carbonate  of  £nia 
behave,  when  fuse<l  together,  exactly  like  n.  (Bcrthier.)  ■ 

<r.  One  Atom,  of  Carbonate  of  Soda  and  3  Atomi  of  Carbonate  of  LimA 
—This  mixture  merely  softens  at  a  red  heat,  but  afterwards  boils  ana 
evolves  carbonic  acid.  (Bertliier. )  ■ 

Carbonate  of  soda  heated  on  charcoal  before  the  blo>vpipe  does  nol 
unite  with  caustic  lime  or  carlwnate  of  lime,  but  penetrates  by  itself  inta 
tho  pores  of  the  charcoal.  (Berzelius.)  I 

B.  Borax  dissolves  lime  easily,  forming  with  it  a  transparent  ^mI 
tho  carbonato  of  lime  it  dissolves  with  ctferveseence.     The  ghass  is  td^^| 
parent,  but  b^'  exposure  to  an  interrupted  blast  it  becomes  clouded  ;  wltT 
a  large  excess  of  lime  it  solidifie.-:,  on  cooling,  to  an  angular  crvstalline 
mass.  (Berzelius.)  *  J 

IT  — Ulex  (/l?i?i.  Pharm.  70,49)  describes  a  double  bonite  of  soda  ana 

lime  occurring  in  the  nitre-beds  of  Peru,  and  known  by  the  name  of  TitJ^ 

which  i.s  found  in  white  masses  from  the  size  of  a  hazel-nut  to  that  of  a 

moderately  sized  potato.     When  Vjvokcn,  \.\\(i  wvusa  \s  iowvid.  to  consist  afl 
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vbile, silky,  cryetalline  tbreiKls  interwoven  with  each  other,  which,  aocord- 
kg  to  Fraukeiiheiii),  appear  under  the  microscopo  to  bo  8ix-si<leil  prisms, 
Br  prohahly  rhombic  jirisina  with  the  more  acute  edges  perpendicularly 
Kuiicated  in  one  direction,  and  obliquely  in  another.  Sp.  gr.  =  1'8. 
Ikadily  fuses  before  the  blowpipe  to  a  colourless  gloss.  When  moistonod 
vitb  sulphuric  acid,  it  colours  the  flarao  green.  Scarcely  Boluble  iu  cold 
VM«r,  aud  very  sparingly  in  hot ;  the  solution  has  an  alkaline  reaction. 
BtimiiilM  II  in  acids  without  efi'ervescence. 

H  Calculation.  L'lex.  J 

■  NnO   3\-2      ....        8-99  ....           8-8  ■ 

I  SCuO  ...«...„ _ 660      ....       1613  ....  15-9  ■ 

■  5BO'  _ i;0-0       ....       48-96  ....  495  ■ 

■  lOUO    90-0       ....       «-92  ....  2.V8  ■ 

■  N.O.2Ca0,5B0>+ lOAq.      2472      ...     100-00        ....      1000  | 

K  This  tnbstance  appears  to  be  similar,  if  not  identical,  with  Hayea's 
^ffdro-borocalcite,  or,  according  to  the  above,  Boro-natroc<UeUe,   %  J 

■  C.  i[(^aphotphate  of  SoiJa  (as  it  remains  after  fusion  of  ]>ho.sph!ito  of 
^p«?n  nrd  auimoniii)  di-iisolvcs  hme  abundantly  before  the  blowpijie — the 
1*^  also  with  etl'ervesrence.  Tiie  bead,  which  is  transparent  while 
|fi  not  become  milky  on  cooliuu'  unless  it  is  saturated  with  lime, 
^^vnelms.) 

^L  One  part  of  Bone-oah  furms,  at  a  red  heat,  with  3-8  parts  of  ilry  Car- 
^Btalr  o/' ,S'or/a,  a  fluid  utixture,  whiuh.  when  solidified,  resuniblox  close- 
^PSbed,  white  statuary  marble,  and  at  a  white  heat  evolves  carbonic  acid 
^bd  becnroes  less  fusible.  With  1*9  ]>aKs  of  carbonate  of  soda,  at  a  tod 
B>mt,  it  forms  a  soft  pnsty  inuss;  but  with  less  carbonate  of  soda  it  docs 
^ot  fove  at  all.  (Beithier.) 

I  D.  ScLFBiOK  OP  Calcium  and  Sodium. — By  exposing  10  part«  of 
Biiy  sulphate  of  soda  with  25  parts  of  crystallijsed  gypsum  to  a  white  heat 
■in  a  chiiieoal  crucible,  part  of  the  sulphide  of  sodium  formed  i:^  volatilized; 
B&d  14°1.S  parts  of  a  metallic  sulphide  are  obtained,  consisting  of  2G  per 
Bent,  of  sulphide  of  scxlium  and  74  of  sul|)hido  of  calcium  (probably  a  mero 
Kiixture  of  the  two).  Rose-coloured,  blistered  mass  having  a  grannlar 
Hhicture  and  somewhat  pearly  lustre.  At  a  stronger  white  heat  it  hMea 
Htill  mure  sulphide  of  sodium,  and  leaves  a  dense  granular  mass,  (Bertkior, 
minn.  C/tim.  Phys.  22,  245.) 

^^E.  SutPUATK  OF  Soda  with  Carbonate  of  Lime. — One  atom  of 
^^■■ste  of  soda  with  one  atom  of  carbonate  of  lime,  or  one  atom  of  car- 
HBUe  of  soda  with  one  atom  of  sulphate  of  lime,  fuses  tranquilly  at 
K  n>d  heat,  without  evolving  gas,  and  yields  on  cooling,  a  clear,  wLite, 
B|^  mass,  having  a  somewhat  crystalline,  granular  fracture.  Heated  to 
^^■kness,  it  parts  with  carbonir  acid,  and  is  converted  into  an  iufusiblg 
^HEraro  of  caustic  lime  and  sulphate  of  soda.  (Uerlhier.) 

■  P.  Sci.pnATE  OP  Lt.me  and  Soda. — Found  in  the  form  of  Olaufxrlle. 
^-Transparent,  colourless,  oblique  rhombic  prisms.  Fig.  100  (nearly); 
^Mw*  =  80"  8';  i  :  the  edge  between  u  and  u'  =  111°  13';  (•lenva^tj 
^^HDel  to  u  and  u',  and  mo.st  distinct,  parallel  to  i.  Sj>.  gr.  from  2-73  to 
^HT  Fuf.e»  before  the  blowpipe  to  a  clear  l>oad,  which  becomes  turbid  ng 
^  cools.    Becomes  opaq  ue  when  put  into  water.  (OrogniatV,  J .  Mm.  'i.'a,T>>> 
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By  fading  tho  snlphatM  of  soda  nnd  limo  together,  tn  atomic  proportioD 
ft  pcllucia  mass  is  obtained  r««uiul)ling  chaloodooy.  (Bcrthicr.) 

0.  Comvion  Sail  aitd  CarbonaU  of  Linu,  wbon  fused  logetber  in  atoii 
proportions,  yield  a  wbito  transparent  mass  baring  an  uneven  fractii 
•nd  becoming  infusible  when  bested  to  wbitenwe.  (Berthicr.) 

H.  100-8  parts  (I  At)  of  anbydrous  borax  form  with  llS'l 
of  Fluor-ipar  at  n  white  heat,  a  not  very  fluid  mixture,  which  foliuiG 
to  a  dense  mu^^s,  with  8<;iily  fructure.  (Berthicr,  Ann.  C/iim.  Phyt.  ■ 
296.) 

1.  One  atom  of  Sulphate  of  Soda  and  one  atom  of  Fluor-gpnr 
together  at  a  white  heat,  forming  a  thin  liquid,  which  on  cooling  yields 
dense  translucent  mass,  of  crystalline  granular  fracture.  With  2  atoms  i 
fluor-spar  the  niixluro  docs  not  fuse  quite  so  well,  but  yivlds  a  similai 
though  harder  mass  on  cooling.  (Bertbier.) 


K.  One  atom  of  common  salt  and  one  atom  of  fluor-spar  heated  to  ini 
pient  whiteness,  fuse  together  to  a  thin  liquid,  and  emit  a  white  clou 
Xke  nuus,  when  cool,  is  compact  and  trausluccut,  and  boa  a  orystall' 
foliated  fractaro.  (Bertbier.) 


CaLCTTTM  and   BARItTM. 

A.  CoMPOTJTfP  OF  Lime  and  Baryta. — Eqnal  parts  of  lime  and  1 
ryta  heated  together  unite  and  form  a  greenish  glass,  which,  boweve 
contains  silica  derived  from  the  crucible.  (Gnyton-Morvoau.) 

B.  Carbonate  of  Lime  ajjb  Bar\ta. — Found  native  as  Baryta 
cite. — Sometimes  (n)  oblique  rhombic  prisms j  u  :  u  ■=■  106"'  54';  i  :  u 
102'  54';  specific  gravity  =  3646  (Brooke,  Avn.  Phil.  24,  114);  8om< 
times  (6)  right  rhombic  prisms,  analoguus  to  that  of  Arragonite;  sj>ccif 
gravity  =  37;  it  is  consequently  dimorphous.  (Johnston,  Phil.  Hag. , 
e,  1;   10,  373.) 

CBlcuUtion.  Children. 

B«0,CO» 98-6       ....       66-35        ....  65-9 

CaO,  CO> 60-0      ....       .T'J-eo        .  33-6 


B«0,  CO'  +  C«0,  C0»    148-6 


10000 


99-5 


This  mineral  contains  from  2*3  to  6*6  per  cent,  of  carbonate  of  stront 
(Johnston.) 

C.  Sulphate  of   Lime  and   Bartta. — Fonnd   native  as  Drtditi 
Small  truncated  rhouibohedrons;  (/V7.  141)  ;■•  :  r*  =  93'  to  94°;  cleava^ 
plane  parallel  to  the  r-siirfaces.    Specific  gravity  =  3-3;  somewhat  harda 
than  c-jic-spar.      Formula:  2(BaO.  SO')  +  CaO,SO'.    (Dufrenoy,  ^« 
Chim.  Phjft.  CO,  102;  also  J.  pr.  C/te-m.  7,  165.) 

D.  One  atom  of  Siilphiilf  of  Bariitm  with  one  atom  of  Fliior-*pa 
forms  at  a  white  he.it  a  soft  pasty  mass,  which  when  cool  becomes  brown 
opni|uo,  and  dense,  and  exhibits  .1  grannlar  fracture.  The  same  substane 
tjf  i>)itainci]  when  heuvy-spar  and  fluor-spar  are  hgi^^iBtlii^r  . 

co/il  crucibh.  (Bortliier.) 
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E.  One  fttom  ot  Heavy-tpar  fuses  but  imperfectly  with  one  atom  oF 
ri'T'tptxr,  and  yields  a  blistered  mass  having  a  crygtallino  ffrauular  fnic- 
tiirc.  WitL  2  atuiiis  of  heavy  epar  the  luixturo  bocomcs  porfeftly  fuBiblo, 
And  yi«l'bi  s  dense  trangparcnt  mass,  of  slightly  crystalline  fracture.  (Bcr- 
tiier.)  Sulphate  of  baryta  heated  with  fluor-spar  before  the  blowpipe  on 
charcoal  forms  a  glase  which  is  clear  while  fosod,  but  onoinel-white  when 

»ld.  (Berzclius.) 

F.  One  atom  of  Chloride  of  J]anu7n  fuees  pretty  readily  with   1   or 
I»l4>ia«  o{  Fliu)r-f}>ar,  emittinj;;  acid  vapours.     The  product  is  an  opaque 

Bel,  exhibiting  a  sjdintered  fracture.      Water   removes  chloride  of 

ittin  from  it,  and  leaves  fluor-spar;  but  alcohol  dissolves  out  from  tho 

rdetvil  euame!  a  considerable  quantity  of  chloride  of  Oilciom;  fluorido 

'  barium  muiit  therefore  have  boeu  formed.  (Berthier.) 


Calciuv  and  Strontium. 

Jl  LtME  AM)  Strontia. — Equal  parts  of  thoso  substances  fuse  to  a 
~*    rhite,  blistered  cake,  which  contains  a  few  glassy  and  onamel-liko 
(Guyton-Morveau.) 

B.  Cabbonate  of  Liue  and  Strontia. — Emmonitt  contains  83'7 
'  cent,  of  carbonate  of  strontia  with  12*5  por  cent,  of  carbonate  of  lime. 

on,  J.  pr.  Chem.  13,  234.) 

SulphaU  ofSlronlta  fuses  with  Fluor-t/par  on  charcoal  before  tho 
lorpipe  to  a  clear  gloss,  which  becomes  enamcl-whito  on  cooling.  (Bcr> 
>lio».) 

CALcnm  AND  Cau^ium. 

Carbonatf  of  Lime  and  Chloride  of  Calcium  in  atomic  proportions 
i  together  very  easily  at  a  red  heat;  when  exposed  to  a  white  heat, 
I  mixture  loses  carbonic  acid  and  solidifies.  (Berthier,  Ann.  Chim.  Phyi. 
,  X53.) 

5  B.    Sulphide  of  Calcium  and  Lime. — CaS,  +  CaO,  HO.     Ae- 

ng  to  H.  Rose,  this  compound  cannot  bo  prepared  on  tho  .'•raall  scale, 

is  produced  in  the  preparation  of  carbonate  of  soda  from  tho  sulphuto, 

and  rcniuios  undissolved  on  treating  tho  mass  with  water.  {Ann, 

50,  439.)  ? 

C.  ScLPHiDE  OF  Calcium  with  Chloride  op  Calcicm. — One  atom 
f  solphato  of  lime  heatvd  to  whiteness  iu  a  charcoal  crucible  with  ono 

of  chlor)<lf;  of  calcium,  forms  a  scrai-fluitl  paste,  which  on  cooling 
umen  black  and  tra.nnliiceut,  and  exhibits  a  highly  cr}'slaUino  fracture; 
,  delii^ucBces  rapidly  iu  tho  air.  (Berthier,  jinn.  Ckim.  I'hys.  43,  303.) 

t).  TwirnosruATK  of  Lime  with  CnLonmr.  or  FLCORrDB  op  Cal- 
-Apntito  is  sometimes  found  as  Chlnrapntitc  =  3(.3CaO,  PO')  + 
cs  a?  FbwrajmliU  =  3(3CnO,  PO')  -|-  CaF,  but  most  fto- 
iixturo  of  llw  two.  (H.  Kosc,  J'o<;3,  0,  \ftt).^    \\,\>vj\vi'B^'Wi 
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le  rhombohedral  sjetem  of  crj'stallisation  {Fig.  135, 137, 138, 139, 140  < 

nd  others);  p  :  r  =  157="  47'  32".    (Hauy.)  Specific  gravity  =  3-225. 
HohB.) 

Chlonpatite.  Flaonpatite.          H.  Roae. 

9C«0 2.-.20          48-31            9CaO 252-0        -ID-gn        „,.,, 

acPO   ....     214-2          41-07            3cP05    ....  214-2        4242}        •"' *' 

Caa 55-4          10-62            CaF    38-7          7-66           7-69 


521-6        100-00 


504-9        99-99       100-00 


E.  SuLpniuE  OF  Calcicm  with  Fluoride  of  Calcium. — One  atom 
of  sulphate  of  lime  fuses  readily  with  one  atom  of  fluor-spar,  and  jrieldi 
a  white,  scarcely  trun.-sluccnt,  blistered  mass,  cxliibiting  a  crystalline 
granular  fracture.  (Bertiiicr.) 

F.  Sulphate  of  Li.me  with  FLUoRinE  of  Calcium. — a.  One  atom  of 
sulphate  of  lime  with  2  atoms  of  fluor-spar :  Fuses  i>erfcctly,  forming  a 
deuse  mass  with  uneven  and  slightly  crystalline  fracture. — 0.  In  atomic 
proportions:  Fuses  with  still  greater  casie.  Clear  white  mass,  formed  of 
large  plates  crossing;  each  other,  with  siiaces  filled  with  crystals.— 
c.  2  atoms  of  sulphate  of  lime  with  one  atom  of  fluor-spar:  Foaes 
completely  but  less  readily  than  b.  White,  semi-transparent,  compact 
masses,  with  shining,  granular-foliated  fracture. — d.  4  atoms  of  sulphate 
of  lime  with  one  atom  of  fluor-spar:  Fuses  but  very  imjHsrfectly.  Whit^ 
opaque,  highly  blistered  mass,  with  finc-graine<I  fracture.  (Berthier.) 

Before  the  blowpipe,  7  parts  of  gypsum  yield  with  4  parts  of  fluor-spar 
a  ma-s  which  is  transparent  while  fused,  but  becomes  cnamel-whito  on 
cooling;  after  prolonged  ignition,  it  loses  sulphuric  acid  and  becomes 
infusible, — the  change  being  attended  with  some  degree  of  effervescence 
and  the  formation  of  cauliflower-like  excrescences.  (Berzclius.) 

Calcium  also  combines  with  mercury. 
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MAGNESIUM. 


^r^ian  tie  Magnesia.     Opusc.  1,  365. 
r'ourcroy.     Jtui.  Chim.  2,  278. 

'erjclius.     Gili>.  40,  255. — Further:  Schw.  31,  258;  also  Ann,  Chim. 
Pht/s.  1 4,  370. 


Magnium.     TaUium. 

Iliiliiri/.  TLe  kuowledgo  of  carbonate  of  magnesia,  or  magnesia  a!ha, 
u  nieiiicine  was  first  proninlinited  from  Rome  in  the  beginning  of  tho 

l^lli  century;  Valentin  in  1707  and  Slevogt  iu  1709  subsequently  found 
I  same  earth  in  tho  niotlier-liquor  of  saltpetre  and  in  Epsom  salts;  Hoff- 
nu,  Black,  Marggrof,  and  Bergman  pointed  out  tho  characters  which 

MWinguish  it  from  lime,  with  which  it  was  at  first  confounded;  Sir  H. 
*vy  obtained  from  it  the  metal  magnesium,  which  Bussy  succeeded  in 
cariug  in  a  greater  degree  of  purity. 

Sourtet,  Less  abundant  than  calcium;  found  in  the  inorganic  king- 
US  hydrate,  carbonate,  borate,  phosphate,  sulphate,  hydrochlorate, 
pod  nitrate  of  magnesia,  sometimes  in  the  solid  state,  sometimes  dissolved 
|D>  Ttrious  mineral  waters  (including  salt  springs),  and  iu  sea-water;  in 
f^  Variety  of  minerals,  consii^ting  of  silicate  of  magnesia  ronibinej  with 
'  ''ttiiT-illfatcs,  as  in  soap-stone,  meerchaum,  steatite,  ophite,  t<)litc,anortliite, 
•"Omljk'nde,  asbestos,  talk,  augite,  chrysolite,  and — combined  with  alumina 
I  "^in  iijiiiii'll  and  zeilanite;  in  the  organic  kingdom,  chiefly  as  carbouate 
toil  phosphate,  and  in  combination  with  organic  acids. 

Prrptiration. — 1.  Into  the  closed  end  of  a  glass  tube,  about  half  an 

[jneh  wide  and   20  inches  long,  bent  down  at  a  short  distance  from  tho 

nottom,  6  globules  of  potassium  about  the  size  of  peas  are  introduced,  and 

dUi  (he  horizontal  portion,  pieces  of  chloride  of  magnesium  sc[»arated 

um  each  other  by  small  fragments  of  porcelain  or  ghiss,  to  prevent  their 

unning  together.     This  portion  of  the  tube  is  then  heated  nearly  to  red- 

»;  after  which  the  potassium  is  made  to  boil.    The  vapour  of  the  potas- 

■oni,  acting  on  the  chloride  of  magnesium,  gives  rise  to  vivid  ignition, 

rtiici)  gmdually  s])reads  throughout  tho  tube.     When  cold,  the  chloride 

xiuni  and  undeoomposed  chloride  of  magnesium  are  dissolve)!  out 

|th«:  IUU.1S  by  uieaus  of  cold  water  deprived  of  air  by  boiling,  and  tho 

lies  of  magnesium  are  washed  two  ur  three  times  with  water.     On 

^idiog  the  water,  a  small  quantity  of  hydrogen  gas  is  evolved,  ari.sing 

the  prcaoDce  of  froo  }>otas8ium,  and  tte  potaiiVv  tUxxa  ^''^^^  \t«^\- 
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piUtes  a  tnull  portion  of  Iiydrate  of  magnesia  from  tbe  chlorido  ft 
lic«iuiu;  this  hoM'Over  is  easily  removed  by  wasbing.  (Bussy,  J.  Chim 
6,  141;  also  ScJiw.  5'J,  218;  also  Ayy.lS,  140.)— Liebig  (/'•W-  19| 
intrcwluccs  into  a  straight  glass  tube  from  3  to  4  lines  in  <IiameU 
closed  at  one  end,  about  10  or  20  globules  of  ]K)ta>sium  of  the  size  ft 
and  above  them,  chlorido  of  magnesiiira  in  large  pieces;  heats  tlie 
over  a  charcoal  Grc;  and  then  inclines  the  lubo  so  as  to  euifer  tbe 
potassium  to  permeate  the  chloride  of  magnci^iura :  decomposition 
takes  place  with  incandescence.  The  mual I  globules  obtained  after  w| 
the  cooled  mass,  arc  ma<le  to  unite  into  one  largo  globule,  by  hcatinj; 
with  chloride  of  poUis/mm  in  a  closed  crucible  to  the  melting  point  i 
vor. — 2.  Vapour  of  potossiam  is  pa£scd  over  magnesia  ignited  in  a  pla 
tube,  and  the  i-e«idue  gently  heated  with  mercury,  which  dissolvi 
luuguesium  and  may  be  a/terwards  separated  by  distillation.  (H.  Dal 
3.  liy  the  fir^t  method  giveo  for  the  preparation  of  bariiun.  Slightly 
tenc<l  magnesia  is  not  decompMed  with  the  s.ame  readiness  a*  slightly' 
tened  sulphate  of  mngnesiu;  the  mercury  also  cannot  be  complete] 
tilled  from  the  amalgam  obtained,  since  magnesium  when  heated  acli 
glass.  (H.  Davy.)  Gay-Lussac  &  Thenard  did  not  succeed  in  pro( 
the  amalgam  by  the  galvanic  raethoil. — 4.  If  the  glass  tube  a  and  th 
e  (App.  8)  are  fillcil  with  a  saturated  solution  of  common  salt,  ai 
gU«!t  tube  b  with  a  satnr.ated  solution  of  chloride  of  magnesium,  tbi 
,  tivc  electrode  of  a  battery  consisting  of  20  pairs  of  plates  being  ma 
'  f  ass  into  a  and  the  negative  electrode  into  fj,  no  metal  is  deposited  i 
cathode  from  the  magnesium  salt,  unles.s  it  has  been  prepared  in  a 
vessel  and  has  taken  up  a  small  quantity  of  chloride  of  silver.  Tl 
ease,  it  first  deposits,  with  a  scarcely  perceptible  evidution  of  hy« 
gaa,  a  grey  mixture  of  silver  and  magnesium,  and  afterwank  pare 
nesium  in  silver-white  octohedruos.  (BecquereL) 

Proptrtia.  Silver-white,  with  a  high  lustre;  very  ductile  and  t* 
of  l>eing  beaten  out  into  thin  leaves;  fuses  at  a  gentle  heat.  (B 
Hard,  yielding  howovor  to  the  hammer  and  the  file.  (Liobig.)  C| 
IJzes  in  octohedrons.  (Bccquerel.) 

Atomic  weiiihl  of  if agntsiam :    12"  11  (Scheerer, /"o^.  70,407); 
(Svanborg  &  Nord'enfeldt,  J.  yr.  Chem.  45,  473). 


Compoundt  of  Magnctiwn. 

MaCVESICM   USD   OXTGEN. 

Maonebia.    MgO. 
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Oicidt  of  JIagnaAvm,  Marietta,  Calcined  Magnesia,  TalJxrde,  Btti 
Mayiutic,  Oxyde  de  Maynetium,  3Iagnt*M  usta  y.  calcinata. 

Formation.     The  metal  remains  permanont  in  dry  air;  in  moist 

becomes  slowly  but   only  superficially  covered  with  a  white  crt 

magnesia;  heated  in  very  Binall  pieces  in  the  air,  it  bums  with 

emission  of  sparks,  and  forms  magnesia;  larger  portions  arc  difficult  U 

completely.  (Bussy.)     It  inflames  at  the  temperature  nt  whicU 

[glass  softens,  emitting  a  most  vivid  light.     Magnesia  is  depo.sited  Q 

iMides  of  the  vessel  in  which  the  combustion  takea  place,  and  the  p 

be  lobe  on  which  the  metal  lay  exhibits  a  U|||B(g|^  which  canp 
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I  hj  boiling  with  acids;  this  effect  is  probably  dae  to  tbe  sepankr 
'■iuni.  (Licbig.)     Cold  water  previoiiiily  free<i  from  air  by  boil- 
'  efl'ect  on  magnesium;  boiling  water  however  evolves  a  few 
s  uf  hyilro;fen  pas;  aridulutcd  water  dissolv&s  tho  metal  easily,  with 
n^t'iuent  of  hydrogen  g.'is;  oil  of  vitriol  in  which  it  is  digested  evolves 
npliuraus  acid;  and  ould  nitric  acid  givea  off  biuoxide  of  nitrogciu 
iUehifi) 

Prrparation.  By  gentle  but  prolonged  ignition  of  carbonate  of 
•gncsia. 
ImpnrUiti. — 1 .  Carbonate  of  Magnesia:  Occurs  when  the  magnesia  baa 
riot  been  ignited  for  a  sufficient  length  of  time,  or  from  long  exposnre  to 
[He  air,  even  after  thorough  ignition.  The  moistened  eartii  effervesces 
Pwilh  hydrochloric  acid. — 2.  Livu :  The  hydrochloric  acid  solution  neu- 
nulited  with  ammonia  is  rendered  turbid  by  oxalate  of  ammonia. — 
I  J.  Oj-i/^g  of  the  heavy  melah,  as  Oxide  of  Maiujnneie :  The  hydrochloric 
•fid  solution  supersaturated  with  sulphuretted  hydrogen  water  gives  a  cha- 
ilMU'rislic  procijiit;ite  with  ammonia. — 4.  Silica:  Remains  undissolved  after 


ion  in  hydrochloric  acid. — 5.  Hulpfiate  or  JJi/drocMoralc  of  Potash 

It  Soda:    Arising  from  the  carbonate  of  magnesia  not  having  been  suffi- 

fltly  wanbed.     Water  boiled  with  the  earth  and  filtered  gives  the  reac- 

nj  of  8ulphuric  or  hydrochloric  acid,  and  leaves  a  saline  residue  after 

ipornlion. 

I'T'ijjerties.     Fine,  white,  very  voluminons  powder;  specific  gravity 

3-SOO  (Karst«n);  =  307  (Richter);  =  23  (Kirwan);  =  3Cl  after  igni- 

in  the  porcelain  furnace.  (II.  Hose.)     Fuses  only  at  the  very  highest 

peraturva,  as  in  a  (ire  fed  with  oxygen  gas — \Xj»  surface  then  acauircs 

ajipearanco  of  porcelaiu-glaze.  (Ouyton-Morveau.)      It  also   fuses, 

ngh   with  great  difficulty,  in  tho  oxy-hydrogen  blowpipe  flame,  to 

ica  it  communicates  a  pale  red  colour,  and  is  then  convortoti  into  a 

of  opa«iue  glass  or  enamel  which  scratches  glaM  like  tho  diamond 

\xVc,  Ann.  Pliil.  17,  421);  also  under  the  influence  of  a  very  power- 

ll  voltaic  current  (H.  Davy).     Tasteless  and  inodorous.     Changes  some 

Ibe  more  delicate  vegetable  colours,  e.  g.  moi8tcne<l  re<l  litmus  pa]>er,  in 

le  manner  as  the  alkalis.    It  is  not  caustic.    Moistened  with  nitrate 

It  and  strongly  ignited  before  tho  blowpipo,  it  takes  a  Hoe  roae- 

foor.  (Boriclius.) 

Gay.  Sir 

LussAo.  Berxeliiu.  Hisinger.  H.  Ujivj'. 

59'5  61-29            G1-;            66 

40-5  38-71            S8-3            34 


M. 


CalcuUtion. 

12        CO 

8        40 


Henry, 

Wollaston. 

59'.1 

40  7 


McU  ....     20       100  100-0  1000  10000  lUUO 

(MgO  =  158-35  +  100  =  258-35.    Bmdius.) 


100 


Ikoiympotition*. — I.  By  potassium  at  a  white  beat. — 2.  By  voltaic 
tricity.  (H.    Davy.) — Wlicn    magnesia   mixed    up    with    oil    is   ox- 
sil  to  tho  oxy-hydrogen   (liime,   a  t-lag  is  obtaine<l,  which  crumbles 
;  Uie  air  to  a  white  powder  consisting  of  magnesia.  (Clarke.) 

Comhitxxtirmt. — n.  With  water. — x.  Hydrath  op  Maqxesia. — Foand 
Ignited   miigiiesin  evolves  beat  when  mixed  with  water.  (H. 
'.)    On  the  addition  of  either  cold  or  hot  water,  the  magnesia  in- 
iy  rfttiintted  with  it.  (Rocs.)     1.  Magnesia  is  nioirtencd  with 

ju  dried   io   a  wal«r-bath.  (Rewi.)      'I.  'tti  \\itt  w^<i.>i»"Qa 
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eolution  of  a  salt  of  magfOMUi,  potash  or  soda  Is  added  in  excess,  and  thfS 
precipitate  well  washed.  The  nntural  variety  has  a  l.iininate<l  strneturi*-  — 
and  belongs  to  the  rhombohedml  system  of  crystallizatiou.  {Fig.  13J_  ^ 
Its  specific  gravity  is  2  336  (Brewster);  it  is  soft,  white,  transparent,  an  .^ 
of  a  pearly  lustre ;  the  artificially  jirepared  hydrate  is  a  white  powdet  ^ 
or,  when  dried  at  100',  a  semi  transparent,  coherent,  soft,  very  brittK^ 
nuLBs.     It  gives  up  its  water  below  a  red  heat.  ^_ 

Sir  H.  Stro-    ^| 

Berxcliaj.        Davy,  meyer.  ^H 

Calculation.            Artif.          Art(f.  Natin.  ^ 

MgO „      20        69        694  to  ?0-2        75  C8-3o 

HO 9         31         .106   „  29-8         25  30<JO 

ProtoiidM  of  Iron  ind  Minfuiese..,.  Oli 

MgO,  UO 29       100       1000      1000       100       1000* 

Fjffe.  Bruce,  Nnttal.  Rees. 

Native.  Native.  A  rt\f. 

MgO   ....„„ «i9;5  70  69-52 

HO ™.     30-25  30  30-48 

10000  100  100-00 

0.  SoLnrioN   OP   Magnesia. — Magnesia  dissolves  in  5142  part* 
•water  at  15-5'  (60°  F.)  (Fyfe),  in  5800  parts  of  water  at  1.5^  (0.  Henr 
J.  Pltann.  Vi,  2),  in  7900  (Kirwan),  in  16,000  parts  (Dalton)  of  cold  waU 
and  in  36,000  parts  of  boiling  water.  (Fyfe,  Edinh.  Phil.  ./.  .i,  305j 
IT  In  55,368  parts  of  water,  either  boiling  or  at  ordinary  teniporatup 
The  solution  has  a  feeble  alkaline  action,  and  gives,  after  sonic  time) 
scanty  precipitate  with  phosphate  of  soda,  on  the  addition  of  animoDii 
(Fresenius,  .iwn.  Pharm.  59,  117.)  T     The  presence  of  lime,  sulphate  i 
lime  or  sulphate  of  potash  in  water  does  not  interfere  with  its  solreii 
powers  on  magnesia.  (0.  Henry.) 

b.  With  acids,  producing  the   Magnesia-Salts,  Magnesia   has  le 
affinity  for  acids  than  the  six  fixed  alkalis;  nevertheless  it  neutralixe 
them  perfectly.     The  salts  of  magnesia  are  colourless,  when  the  acid  wit! 
which  it  is  combined  is  destitute  of  colour;  they  Iiave  a  bitterish  ta 
when  soluble  in  water.      The  acid  if  volatile  is  expelled  by  ignition,  wi(l 
the  exception   of  siiliiliuric   acid.     The   miigncsia-salts,    moiijteued  will 
nitrate  of  cobalt  and  strongly  boated  in  the  blowpipe  flame,  become  ro» 
coloured.  (Berzulius.)     Phosphate  of  magnesia,  however,  lakes  a  viola 
tint.  (VVitU-tein.)      All  the  salts   of  magnesia   which    arc    insoluble 
water,  e.ff.,  the  carbonate,  borate,  phosphate,  and  arseniate — the  ignite 
lucta phosphate,  however,  excepted— -dissolve  in  hydrochloric  acid.    Tbo 
magnesia  salts  which  are  soluble  in  water,  are  completely  decomj 
by  potash  and  soda,  even  in  the  cold,  dejiositing  the  iiydrate  of  mugnesti 
in  copious  flakes.    The  precipitate  diaap])ears  on  the  addition  of  sulphate, 
nitrate,  hydrocblorate,  or  succinate  of  ammonia,  and  likewise  with  the 
carbonate,  though  the  latter  deposits  crystals  after  a  while.  (Wittstein.) 
A  small  addition  of  aminunia  does  not  affect  the  neutral  magnesia-salts; 
a  larger  tjuautity  precipitates  hydrate  of  magnesia  (in  combination  with 
a  very  small  portion  of  acid:  Jjeneliut);  but  even  a  large  excess  of  am- 
monia never  separates  more  than  half  the  magnesia   present   (Foureroy, 
CW/l.  Ann.  1792,  1,  451):  for  the  ammoniacnl  salt  protluced  unites   with 
the  eiill  uudccomposcd  salt  of  ■magnosm,  auii  lotuw  «.  iouViVc  salt,  which  it 
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lot  further  decomposed  either  by  ammonia  or  by  magnesia.  (Fit?.  I.,  132. 
^Oii  SeJi.  95.)     Hence  ammonia,  even  in  excess,  gives  little  or  no  pre- 
<=>pitate  with  a  silt  of  magnesia,  wlien  mixed  with  a  considerable  quantity 
J**    sal-ammoniac  or  of  free  acid;  and  the  turbidity  producc<l  by  ammonia 
•**   the  solution  of  a  salt  of  magnesia  disappears  .igain  completely  on  the 
*<l»Jition  of  sal-ammoniac.     An  ncjueous  solution  of  sulphate  of  magnesia, 
Containing  one  part  of  magnej^ia  in  4000  parts  of  water,   gives  a  cloud 
^Jth  ammonia  after  a  few  seconds.  (Harting.)   Sesqui-carbonatc  of  ammo- 
**'»  precipitates  magnesia  within  twenty-four  hours,  and  the  more  rapidly 
'^od  completely  in  proportion  to  the  strength  of  the  solution  and  the 
H^antity  of  sesqui-carbonate  employed.     It  is  to  be  remarked  that  the 
V*^cijiitate  obtained  by  a  small  addition  of  carbonate  of  ammonia    is 
*^urbonate  of  magnesia,  whilst  that  produced  by  an  excess  consists  of 
*MJuble  carbonate  of  magnesia  and  ammonia.  (Guibourt.  J.  C'him.  Med.  1, 
•♦is.)     One  part  of  sesqui-carbonate  of  ammonia  added  to  2  parts  of 
•alphate  of  magnesia,  precipitates  one  half  of  the  base  as  carbonate ;  but 
i  parts  of  sesqui-carbonate  of  ammonia  added  to  one  part  of  the  same  salt, 
precipitates  the  whole  of  the  magnesia  in  the  form  of  double  carbonate 
of  magnesia  and  ammonia.     This  precipitate  is  soluble  in  water,  but  not 
loan  aqueous  solution  of  carbonate  of  ammonia;  it  therefore  redissolve?, 
after  a  few  days,  in  the  supernatant  liquid,  in  consequence  of  that  liquid 
losing    its  carbonate  of  ammonia  by   exposure    to  the  air.  (Guibourt.) 
According  to  Pfaff,  sesqui-carbonate  of  ammonia  precipitates  the  greater 
part  of  the  magnesia,  though  not  the  whole ;  according  to  Longchamp,  a 
small  portion  only,  after  two  days;  according  to  J.  Dnlong  (./.   Phami. 
11,  40G),  it  causes  precipitation  much  more  slowly  when  dilute  than 
when  concentrated.     Carbonate  of  potash  or  soda  separates  from  neutral 
magnesiarsalts,  in  the  cold,  only  a  small  quantity  of  a  basic  carbonate  of 
magnesia,  which  is  again  dissolved  cither  by  an  excess  of  the  magnesia 
salt  or  of  the  alkaline  carbonate  (H.  Rose,  Pogff.  34,  157),   the  rest  of 
the  magnesia  remaining  dissolved  as  an  acid  salt.     With  the  aid  of  heat, 
nearly  all  the  magnesia  is  thrown  down ;  but  in  this  case  also,  according 
to  Longchamp  [Ann.  C/iim.  Phjs.  12,255;  also  Gilh.  fi6,  24),  the  precipi- 
tation is  less  complete,  in  proportion  to   the  quantity  of  carbonate,  snl- 
phatc,  hydrochlorate,  or  nitrate  of  potash  or  soda  contained  in  the  liquid: 
the  precipitate  likewise  diminishes  as  the  liquid  cools.     It  is  easily  dis- 
solved by  sal-ammoniac,  and,  therefore,  when  the  magnesia  salt  is  mixed 
with  sal-ammoniac,  no  precipitate  is  produced,  except  on  boiling.     Sesqui- 
corliunate  of  soda  does  not  allecl  a  tolenibly  dilute  solution  of  a  roagncsia- 
ealt  in  the  cold  (Schindler,  Mag.  Phai-m.  33,  29);  with  a  solution  of 
sulphate  of  magnesia,  it  docs  not  give  a  precipitate,  till  after  the  lapse  of 
two  days.  (Boussingault.)     Bicarbonate  of  ammonia,  potash,  or  soda,  pro- 
duces a  precipitate  only  on   boiling.     In  the  cold,  the    bicarbonate   of 
magnesia  produced,  remains  dissolvcil  by  the  alkaline  salt;  but  on  boiling 
the   solution,    it   loses  carbonic  acid.     Borax  precipitates  the  magnesia 
with  the  aid  of  heat,  but  not  in  tho  cold.     Ordiniiry  diphosphate  of 
gives  no  i)recipitate  in  tho  cold,  except  with  tho  most  concentrated 
solutions.     With  more  dilute  solutions  tho  aid  of  heat  is  required,  but 
the  precipitate  then  formed  does  not  disappear  on  cooling.     When  cau.stic 
ammonia  or  ca,rbonate  of  ammonia  is  added  to  a  dilute  solution  of  any 
mill   of  mujjnesia  mixed  with  phosphate  of  soda,  or  when  phosphate  of 
ammonia  or  of  soda  is  added  to  the  mixture  of  a  magnesia-salt  with  sal- 
ammoniuc  and  ammonia,   the  magnesia  is  very  complctrly  \)roci\vvta.tftA 
in  the  form  of  pbospJiato  of  magnesia  and  atumoma,  viU\Ott,  awiot^'aij.'Wi 
yoL.  tit.  % 
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WolbstoD,  alUches  iUelf  in  a  efjBUlline  grannkr  condition  to  tb«  ( 
of  the  glass  TOMel,  especially  wb«re  they  hare  been  touched  by  tbe  j 
rod  in  stirring,     A  solution  cuntainiDg  only  ^ih^.vstj  parts  of  magnesia 
gives  a  precipitate  after  24  hours,  with  phosphate  of  Bmiuonia  mixed  wi^ 
free  ammonia,  provided  the  latter  solution  is  highly  concentrated  and  add* 
in  equal  quantity;  if,  however,  it  ia  dilute  and  addcJ  in  smaller  quantit 
it  does  not  give  any  indication  nf  maguoaia  in  a  solution  containing  ^^ 
part  of  that  substance.  (Harting,  J.  pr.  Chem.  22.  50.)     Mono-tangstaJI 
of  soda  causes  a  precipitate  only  in  very  conceutruted  solutions  of  nia| 
nesia  salts ;  when  more  dilute  they  contmue  clear,  even  after  the  additid 
of  ammonia.  (Anthon.)     Oxalic  acid  and  binoxalatc  of  potash  precipitj  ' 
even  dilute  solutions  of  mag'neaia  salts,  ou  the  addition  of  ammonia,  pn 
Tided  no  free  acid  or  sal-ammoniac  is  present,  and  the  oxalic  acid,  or  I 
acid  oxalate  of  potash  is    not  added  in  too  large  an  exces«.     In  the  g< 
trary  case,   the  ammoniacal  salt,  whether  already  present,  or  formed* 
adding  the  ammonia,  retaiuB  the  oxalate  of  magnesia  in  solntion.  (U 
Buse.)     Ferrocyanido  of  potassium  produces,  after  some  time,  a  dena 
white  precipitate.   (H.  Rose.)       Magnesia-salts  are  not  precipitated  bj 
sulphuric  acid  or  the  sulphates,  or  by  perchloric  acid,  hydrofluosilicicoei^ 
bi-hydrosulphate  of  ammonia,  carbonate  of  lime  (Fuchs),  or  ferricyaaidt 
of  poti&iiium.     Magnesia  forms  double  salts  with  ammonia,  potash,  taiM, 
lime,  &c. 

e.  With  seyeral  eartha,  producing  minerals  and  fused  masses. — J.  Witli 
certain  substauoea  in  the  orgauic  kingdom. 

MAGNBsnm  AND  Carbon. 

Cahboxate  of  M  aonesia  . — Magnesia  absorbs  carbonic  acid  very  slovr^ 
from  the  air. — a.  Tivo-thirdu  Curfionate. — Sulphate  of  magnesia  is  prf 
cipitated  by  a  very  large  excess  of  carbonate  of  soda,  ami  the  whole  lK)il(( 
till  the  precipitate  is  obser\-od  by  the  microscope  to  be  passing  from  t' 
floculent  to  the  granular  condition ;  it  is  then  washed  and  boiled  rapiJ 
with  water,  tbe  liquid  poured  ofl",  and  the  residue  twice  boiled  with  firr 
quantities  of  water. — Small  grains,  mixed  with  a  small  quantity  of 
original  floculent  precipitate.  (Fritzsche,  fotji/.  37,  310.)  The  precipit 
may  contain  carbonate  of  soda.  (Berzelius,  Jaliraber.  17,  158.) 

Calculation.  Fritztcbe. 

3MgO 60      ....      45-80  47-23 

ZCty   ...„ 44       ..,.      33-59  „.  3'2-67 

3H0 27       ....       20-61  2010 

3MgO,2CO'  +  3Aq.   131       ....     10000        10000 

It  may  also  be  regarded  as  MgO,  HO  +  2(MgO,  CO'  +  2Aq.) 

J.    TJiree-fourthi  Carhcmate.  —  Pound    in    the  mineral    kingdom  , 
Uydromagnesite. — 1.  Sulphate  of  magnesia  is  mixed  hot  with  an  excess  I 
carbonate  of  potash,  and  the  precipitate  boiled  with  fresh  quantitiesj 
water,  as  long  as  an  acid  carbonate  of  magnesia  continues  to  be  dissolve 
(Berzelius.) — 2.   From  a  saturated  solution  of  carbonate  of  magnesia] 
aqueous  carbonic  acid,  the  carbonate  of  magnesia  is  thrown  down  by  IxL 
ing,  and  the  precipitate  twice  rcboiled  with   fresh  quantities   of  water. 
(Pritzflcho.)    The  native  variety  resembles  chalk;  the  artificially  prepared 
salt  is  a  white  powder.     It  is  soluble,  according  to  Fj'fe,  in  24.03  j 
cold,  and  in  9000  parts  of  boiling  water.     The  solution  has  au  a.i...,,,.. 
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"^'ioo.  (Pleischl.)     It  isdiasolveJ  io  the  cold  by  an  aqaeous  solution  of 

iialo  of  potash  or  soda,  aiid  also  by  a  solution  of  sulpLate,  bydro- 

>ri>,  or  citrate  of  potash,  and  probably  by  other  salts.    On  beating  tho 

■1),  it  seiwrates  in  part  only,  and   is  again  dissolved  as   tbe  liquid 

I    I  .  'imp.)      It  is   easily   soluble  in   sulphate,    hydrocblorate, 

iiate  of  ammonia;  and  likewise  iu  the  carbonate;  but  tbis 

eiMuiiou  dcpufita  crystals  after  a  while.  (Wittatein.) 

Trolk- 
Berzclius.     Wacbtmcuter,      KobelL 
Calculation,  Art\f.  Nat.  Nat. 

"  "^  80        43-96    ....       44-58     ....      42-JI     ..„      43-96 

6fi        30-26    ....      35-70    ....      36-82    ....      3000 

36         19-(8     ....       19-72     ,...       18-53     ....       1968 

.firon,  *c 2-24     ....        0-36 

IMjO.  iCO=  +  4A<i 182       100-00    ....     10000     ....     lOUOO     ....     10000 

It  may  also  be  regarded  a»  MgO,  HO  +  3  (MgO,CO'  +  Aq.) 

c,  Four-jifthi  Carbonate. — 1.  Formed  by  boiling  tbe  crystals  of  penta- 
■Wnted  uionocarbonato  of  magnesia  with  pure  water.  Iu  order  to 
liu  tlie  compound  quite  free  from  ter-bydrated  monocarbonate  of  mag- 
ii(  is  best  to  boil  tbe  crystals  fiir  a  considerable  time  with  water  con- 
lining  ammonia,  the  umniouia  being  frequently  renewed  during  the  prO" 
bk. — 2.  A  concentrated  solution  of  carbonate  of  magnesia  iii  aqueous 
■rbonic  acid  is  boiled  fur  a  long  time. — White  granular  powder.  Tho 
miaM  when  examined  by  the  microscope,  apjit-ar  to  bo  composed  of  a 
fibruus  mass  arranged  in  concentric  layers.  (Fritzsche.) 

Calculation.  Fritzsrhc.       Bcncliiu,  accordJog  to2. 

5MgO„ „ 100        42-92  ....  42-10     ....       42-8     ....       43-2 

4C0«  „ „ 88        37-76  ....  5622     ....      36-6     ....      364 

MID  45        1932  ....  21'68    ....      207    ....      20-4 

5Mg0.4CO'+5Aq 233      10000    .  .     10000    ....     100-0    ....     100-0 

It  may  be  regarded  as  MgO,  HO  +  <  (MgO, CO*  +  Aq.) 


Magiietia  Alha, 


This   substance    is    prepared  ou    the    large  scale  by  precipitating 

Uie  sulphate,    hydrocblorate,   or    nitrate   of    magnesia   with   carbonate 

ut  putush   or  soda.     For  this  purpose,  a  solution  of  sulphate  of  mag- 

-      •    ia  used;  also  various  mineral  waters  {liiiltrwaiHr)  and  the  mother- 

of  sea-water,    many   salt    sj)rings,    and    many    kinds   of   nitre; 

ni'j-i  »f  these  liquid.s,  however,   likewise  contain  lime,  which  must  preri- 

cm»lv  be  separated  by  sulphate  of  potash  or  60<la.     According  to  Durand 

■    '-.  ritijt.  r,i,  312  ;  also  .4  Jin.  Phami.  10,  140),  a  solution  of  100 

.  '|.hiito  of  magnesia  in  100  parts  of  water  i.^  nipidly  mixed  in  a 

»oo<U;ii  lull  or  Uirrel  heated  by  steam   with  a  solution  of  12.5  parts  of 

»!<w<n-hvdrat<.'d    c;iilionato  of  soda.     The  temperature    is   raised    to    80° 

■  'ispel  carbonic  acid,  which  would  otherwise  retain  a  portion  of 

II  solution;  ami  the  cle.ar  liquid  is  decautcd  from  the  precipitnte, 

'1  lii.'d   three  tiuio.-i,  by  subbidouco  and  decantalion,  with   luke- 

'•.  r  free  from  lime,  then  thrown  on  large  liuon  filters,  and  allowed 

u  from  24  to  48  hours.    The  wet  ma^iiis  then  conveyed  into  square 

"iiliout  bottoms,  standing  on  a  surface  of  gy^iaam  ot  ol  Vudft^, 
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through  which  the  water  rapidly  soaks;  the  boxes  are  turned  over  ^f^t-^r 
gome  time,  in  order  tliat  tlie  upper  portion  may  be  dehydrated  ako  ;  xxwmiI 
the  blocks  of  carbonate  of  magnesia  thus  obtained  are  thoroughly  drioJ 
in  heated  cliauibcrs. 

Magnesia  alba,  according  to  Berzelius,  is  hydrated  J -carbonate 
magnesia,  containing  a  certain  portion  of  hydrated  monocarbonate,  (hi 
quantity  of  which  increases  in  proportion  as  the  liquid  is  leJ8  boiled  aft* 
the  precipitation.     According  to  Fritzsche,  it  con.sists  wholly  or  for  tin 
most  part  of  ^airbonate  of  magnesia.    The  constitution  of  magnesia  slf 
is  affected  by  the  following  circumstances:  1.  The  relative  q^taiUity  ofli 
precipitant.     When  an  excess  of  carbonate  of  soda  is  used,  the  precipitsi 
retains  a  portion  of  that  reagent,  and  is  thereby  rendered  more  dewei 
when  sulphate  or  hy<lrochlorate  of  magnesia  is  in  excess,  it  contaiiu ' 
Bniall  (juantity  of  sulphuric  or  hydrochloric  acid,  and  is  lighter ;  carbonul 
(if  potash  may  be  used  in  excess.  (Berzelius.)     The  precipitate  dues  ni 
become  granular,  with  an  excess  of  the  alkaline  carbonate  so  readily 
with  an  excess  of  the  magnc.«ia  salt.  (Fritzsche.)     [In  Diiraud's  niclhi 
the  carbonate  of  soda  somewhat  predominates.] — 2.  Dfijree  of  ditutl 
The  more  dilute  the  two  .nolutions  are,  the  lighter  is  the  precipitate,  «i 
the  more  normal  salt  does  it  contain.  (Berzelius.)     [Durand,  on  the  wi 
trary,  employs  concentrated  .solutions.] — .3.  Temperature.     The  pn-cipitttl 
formed  in  the  cold  consists  cliiolly  of  hydrated  normal  salt;  a  lari'i!  iinii 
tity  of  magnesia  at  tlio  sinie  time  remaining  in  solution,  because  the  nol 
mul  salt  is  resolved  by  tlio  action  of  the  water  into  an  insoluble  basic  a 
and  an  acid  salt  which  is  dissolved.    On  applying  heat,  the  carbonic  acid 
ex])clled  from  this  solution,  anii  the  greater  part  of  the  magnesia  is  tliro' 
down  ;  at  the  same  time,  the  remaining  normal  salt  contained  io  I 
original  precipitate  is  resolved  into  a  basic  salt,  and  carbonic  acid  whi 
escapes.     When  this  mixture  is  boiled  for  a  long  time,  the  precipitate 
converted  into  J-carbonato  of  magnesia.     The  salt  is  lightest  when  pi 
cii)itate<l  iu   tho  cold.  (Berzelius.)     When  moderately  boileil,  which 
usually  the  «u-ie,  tho  precijiit-ito  is  convertdl  into  the  f-carbonato;  but  1 
continuing  tlie  operation,  it  becomes  mixed  with  a  constantly  inrrensi 
quantity  of  llie  J  and  1-caibouates  of  magnesia.  (Fritz.sclie.)     The  utnl( 
degree  uflightness  is  obtained  by  allowing  the  precipitate  to  freeze  whilo 
still  raoi^t.  (Berzelius.)     Magnesia  alba  stirred  up  with  water  mauifcstj* 
slight  alkatitie  reaction.  (Pleischl.l     It  dissolves  re.adily  in  water  con- 
taining sal-ammoniac;  with  greater  difficulty,  however,  after  l)eing  1; 
to  100°.     The  saturated  solution  has  a   wo;ik  alkaline  reaction;  d^- 
become  turbid   by  exposure   to  the  air,  or  by   boiling;  is  precipitati'il  by 
potash;  and  when  treated  with  acids,  evolves  abundance  of  carbonic  aoitl 
gaa.  (A.  Vogel,  J.  pr.  C/iem.  7,  455.) 


Commercial  magnesia  alba. 

Kirwan.        Bergman. 

Uutini. 

Dnltnn. 
Dried  at  100°. 

KUprc 

MgO  45       ....         45       .... 

C0«    34       ....        25       .... 

HO 21       ..,,         30      .... 

43 
36 
21 

43       .... 
40       .... 
17       .... 

40 
33 
27 

100 


100 


100 


100 


too 


Prepared  on  the  small  scale,    e  —  procipitatetl  cold;  A  =  precipital 
hot ;  M  =  with  an  excess  of  magnesia  salt;  Alk.  —  with  an  excess  of  < 
bonatc  of  potash. 
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Bucholz.  Berzelius. 

A.  e.  A.,  M.  h.,  Alt.  c,  M. 

MffO 42  ....  33  ....  4224  ....     43-16  ....  36-40 

C0»  35  ....  32  ...  37-00  ....     36-47  ....  30-25 

^HO   23  ....  35  ....  20-76  ...     2037  ....  33-35 

100        ....       100        ....       10000    ...  100-00     ....  100-00 

[See  also  Dcane  and  Gladstone,  PtiarmacetUical  Journal,  yoI.  VIII. 
No.  6.] 

d.  MonocarhonaU. — Found  in  tbo  mineral  kingdom  as  Magnesite. — 
Magiiesito  belongs  to  the  rlioiobolicdral  systeni  of  crystallization;  fonns 
cbtiiso  rhomliohcdrons.  {Fig.  141)  i-^  :  »■*  =  107^  2.V;  »•■  :  r*  or  r*  = 
72°  35'.  Specific  gravity  =  S'O.'jB  (Mohs).  It  may  be  obtained  as  a  crys- 
talline powder,  exhibiting  the  form  of  arragonile  when  examined  by  the 
microscope,  by  evaporating  to  dryness  with  tlic  aid  of  heat,  a  solution  of 
carbonate  of  magnesia  in  uijueous  carbonic  acid.  {H.  Rose,  I'ogg.  42,  .306.) 
Powdered  magnesite,  when  moistened  with  water,  gives  an  alkaline  reac- 
tion with  litmus  and  violets.  (Pleischl.  ZciUchr.  Phys.  v.  W.  5,  59.) 

Magneiile.                      Klaproth.  Strointyer. 

M5O 20      ....       47-62  ....         18        ....  47-61 

CO*    22       ....      52-38  ....        49        ....  5075 

LWater  ind  other  impuritieii                                                     3        ....  1-61 

fligO> c6«. 42     ....   100-00      Z     100      Z     1 0000 

Ter-hydrated  Monocarbonale  of  Magnesia. — 1.  A  solution  of  car- 
bonate of  nuignesia  in  aqueous  carbonic  acid  is  allowed  to  evaporate 
(^lontaneously  in  the  air  (Berzelius),  or  kept  for  a  long  while  at  a  tem- 
pcnvliiro  of  50°.  (Fritzsclio.) — 2.  The  tabular  crystak  of  the  pcnta-hy- 
dratt-d  salt  are  exposed  in  a  glass  tube  to  the  sun's  rays,  whereby  they  lose 
2  atoms  of  water. — 3.  The  latter  salt  is  heated  for  a  long  time  in  water 
",  or  boiled  with  water  till  it  becomes  ojianue  and  begins  to  evolve 
ie  acid;  it  is  then  left  to  itself  io  tbo  cidJ,  and  in  the  course  of  a 
day  or  two  is  converted  into  a  not-work  of  crystals  of  tbo  tor-hydrated  salt. 
Tbo  water  also  with  which  the  tabular  crysL-vls  aro  heated  till  carbonic 
8cid  begins  to  escape,  but  not  to  the  boiling  poiiit — yields,  on  cooling, 
crystals  of  the  salt,  a  portion  of  which  it  had  previously  dissolved.  (Fritz- 
sclie.) — 4.  A  mixture  of  the  .aqueous  solutions  ofsulpbate  ofraagoesia  and 
bicurbonate  of  potash  or  soda  is  set  usido  till  crysla.1.3  appear.  (Four- 
croy;  V.Rose.)  The  precipitate  which  the  nonual  carbonate  of  soda  gives 
with  6ul])bate  of  magnesia  is  likewise  converted  in  a  few  days,  at  tem- 
peratures between  0'  and  -f-  10°,  into  crystals  of  the  terhydrated  salt. 
(FritRschc,  Sonbeiran,  J.  Pliarm.  13,  596.)  A  nii.\ture  of  sulphate  of 
m.igucsia  and  se-squic.arbonatc  of  soda,  which  is  perfectly  clear  at  first,  also 
yields  this  salt  after  the  lapse  of  two  clays,  in  the  form  of  a  crystalline  de- 
posit at  the  bottom  of  the  vessel.  (Boussiiigault,  Ann.  Cliini.  Phys.  29,  285.) 
Forms  small  needles  collected  together  in  tufts;  pennanent  in  the  air 
(Frit7.*che) ;  effloresces  in  a  dry  atmosphere  (Berzelius);  hard,  with  a 
slightly  nikjiline  taste;  turns  the  juice  of  violets  green.  (Soubeiran.)  The 
nit  when  gently  ignited  loses  its  acid  together  with  its  w-ater.  Cold  water 
diKiolvcs  but  a  very  small  quantity  (according  to  Fourcroy,  one  psirt  in 
48  [parts  of  water) ;  tho  solution  evolves  carlxmic  acid  on  boiling,  and  de- 
posits m>-igncsia  alba.  (Soubeiran.)  The  solution  in  cold  water  is  accom- 
panied by  the  formation  of  an  acid  salt,  whilst  a  ij-curbonate  gf  ma^esia 
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remains  undissolved;  boiling  water  takes  up  nothing,  but  expels  c&rboi 
acid,  giving  rise  to  tlic  fomiation  of  a  |-carbonato.  (Berzelius.)  Boili^ 
water  does  not  produce  any  decouiposition.  (FritiscLo,  Po<jij.  37,  30-1.)  I 

Bocb.,W.H«j 
CryitalUzod  salt.  Soobeirsn.      BfrteUus.  BousrinK 

MgO 20     ....     28-99     ...       2958     ....       296     ....       30 

CO"  22     ....     31-88     ....       31-50     ....       31-5     ..         30 

SHO 87    ...    39-13    ....      38-92    ....      38-9    ....      40 

MgO,  CQ:  +  3Aq.      69    ....  100-00    ...     100-00    ....     1000    ....     100 

jS.  Penta-hyJraltd  Monocarhonate. — A  saturated  solution  of  cftrbonat«< 
magnesia  in  ai^ucons  carbonic  acid,  exposed  to  the  cold  of  winter  in  looaof 
covore<l  vessels,  deposits  crystals  of  tiic  ter-hydrated  and  of  the  penti 
hydrated  salt;  the  quantity  of  the  latter  increasing  in  proportion  to 
degree  of  cold.  Transparent  tabular  crystals.  (Fritxsclie.)  Tlio  cry«ti 
belong  to  the  oblique  prismatic  systera.  {Fiij.  116)  t  :  u  or  «'  =  lOJ 
i:  a  =  120''  30';  n  :  u'  =  86'  30';  m  :  <  =  133=  15';  ti  :  w  =  13«°  it 
(Brooke,  A7in.  Phil.  22,  375.)  The  crystals,  on  exposure  to  the  ai^ 
part  very  slowly  with  2  atoms  of  water,  and  become  opaque;  moif 
rapidly,  liowever,  in  the  direct  rays  of  the  son ;  in  hot  water  even  at  50 
they  lose  their  transparency,  being  converted  into  salt  </,  a,  with  evolutial 
of  carbonic  acid.  If  the  crystals  are  boiled  as  long  as  this  aetiai 
continues,  they  become  converted,  without  change  of  form,  into  a  whiw 
incoherent  mass  of  ([-carbonate,  which  is  abo  frequently  mixed  wil' 
crystals  of  the  d,  a  salt.  (Fritrsche.) 

Crystallized  salt.  Fritisclie. 

MgO 20    ....      22-99  ....  23-70 

CO»  22     ....       25-29  ....  25-39 

SHO 4»     ....       51-72  ....  50-91 

litg6rC^TlAqr~87~ir~10{F0O        Z.        1  oiToo" 

e.  Biearhonale. — Magnesia  alba  shaken  np  with  aqueous  carbonie 
acid  yields  a  solutiou  having  a  bitter  taste  and  an  alkaline  reaction.  (Ber- 
tbollet,  N.  Gehl.  3,  2C3.)     Even  with  a  largo  excess  of  carbonic  acid,  an" 
also  after  boiling,  tho  solution  exerts  nn  alkaline  reaction  on  logwo 
turmeric,   and    rhuhiirb   (Pfaff.  Schw.  3.5,   42S);   it  also  turns  reddcnti 
litmos  blue  (Plcischl,  Gmelin);  according  to  Berthollet,  it  gives  a  _ 
colour  with  violets,  but  red  with  litmus.     The  saturated  solution  cont 
exactly  twice  as  much  carbonic  acid  as  tho  normal  .salt.  (Sonbeiran.) 
becomes  turbid  at  75°,  bat  recovers  its  tran.sparency  again  on  cooHd 
(Berthollet.)    When  heated  even  to  50\  it  deposits  ter-liydrated  mono 
bonato  (BerMliu*,  Fritzsche);  the  «amo  thing  occurs  when  it  is  evap 
rated  in  vacuo,  half  the  carbonic  acid  escaping.  (Soubeiran,  J.  Pk 
13,  598.) 


MAGNEStlTM   AND    BoRON. 

Borate  of  Magnesia. 

O.   TrUxirate.  —  1.    Formed  by  boiling  a  solution   of  sulphate 

magnesia  with  solution  of  borax,  and  wiishing  tho  precipitate  fhoroughj 

with  cold  water. — 2.  By  Iwiling  a  solution  of  borate  of  magnesia  and  sorf 

in  colli  water.  (Wohler.)     The  \)o\\\ng  \*  cowV^wxwtA.  t<>v  a.  long  time,  an 

the  liquid  iSJtered  hot;  but  l\xo  Y^cc\Y>\Vn.V.ci  ttnwiwAAx^  o^  VXi^^\«' 
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with  cold  water,  because  Lot  water  would  withdraw  a  portion  of 

■  id ;  it  is  then  dried  under  ii  bell-jar  over  oil  of  vitriol.  (Rammels- 

"   • '    49,  445.)     Tbo  freshly  jirecipitiited  salt  is  gelatinous,  but 

:,'  it  becomes  white  and  gritty.  (Wbhler.)    It  is  slightly  tjulublo 

lu  r.i;ii  water;  the  solution  has  an  alkalino  reaction,  is  rendered  turbid  by 

loiling,  and   when  ovapuratcd  leaves  a  irau.sparcnt  varnish.     By  long 

'  liiiiiied  boiling  with  a  large  quantity  of  water,  or  by  washing  with 

■'.:  water,  part  at  least  of  the  boracic  acid  is  separated  from  the  salt, 

iduo  dries  up  to  a  white  mass,  which  is  insoluble  in  cold  water, 

-  carbonic  acid  from  the  air.  (Wohler,  foffff.  28,  525.) 


k 


Ignited.        RammeUberg. 
600        (i3'29        6184        .3MgO., 
348        30-71        38-16        BO»    .. 
OHO  . 


Hydnted.       Rammplsberg. 
600         .^4-13  3-242 

34-8         19-80  20C2 

HIO         46-07  46-96 


JMjO.BO'....    94-8      10000      10000        +  9Aq.    175-8      10000        10000 

l>.  MonoboraU  ?  An  aqueous  solution  of  sulphate  of  magnesia  and 
'.  (heated  till  it  becomes  turbid,  and  again  rendered  clear  by  cooling) 
ile  for  some  months,  and  kept  during  part  of  the  time  at  tempcra- 
I'pIow  C,  yiehls  long,  slender,  tran.sparent  needles  collected  together 
<^.  They  become  milk-wbito  when  heated,  and  fall  to  pieces  when 
.■  deprived  of  their  water  of  crystallization.  They  are  not  soluble 
ti'iuir  in  cold  or  in  hot  water,  but  readily  soluble  in  hydrochloric  acid. 
'Km  a  solution  in  warm  concentrated  hydrochloric  acid,  boracic  acid 
'ttjrtallixes  out  on  cooling;  from  a  more  dilute  solution,  ammonia  preci- 
pitates the  salt  in  fine  needles.  The  crystals  contain  16-67  j>er  cent,  of 
Bigiiosia,  25-00  of  boracic  acid,  and  58-33  of  water.  (Wohler.) 

<;.  Foiir-t/tinlt  Borate. — Found  in  njituro  as  Boradtc.  Transparent 
»nd  colourless  cubes  with  dodecahedral  and  tetrahcdral  surfaces  {Fifj.  17). 
Spiritic  grivity  =  2-355.  (Rammelsberg.)  Harder  than  felspar.  Heated 
ill  the  blowpipe  flame  on  charcoal,  it  fuses  with  ditEculty,  aud  forms  a 
liar  yellowish  bead,  which  on  cooling  solidifies  to  a  crystalliuo  cnamel- 
Bke  mass,  covered  with  needles.  (Berzelius.)  Insoluble  in  water  but 
iHow]y  dissolved  by  acids. 

BoracHt. 
SMsO 60-0  30-12 

KKH^ 139-2  69-88 ^^ 

UtgO,4B0)    ....     199-2        10000  JOO-0  10000  100  1000 

It  may  bo  regarded  as  2  (MgO,  B0»)  +  MgO,  2B0'.  (Berzelius.) 

d.  Ttrboratf. — Hydrate  of  magnesia  or  magnesia  alba  in  excess  is 
i>oiIe<l  with  boracic  acid  in  water,  filtered,  and  evaporate*!  to  the  crystal- 
lixing  ])oiut.  Granular  crystals.  (Wbhler.)  Crystalline  crust.  (Ram- 
mel-lierjr.)  Has  au  ulkaliuo  reaction,  and,  when  ignited,  loses  water, 
I'  ■  th  part  r)f  its  boracic  acid,  leaving  a  fused  spongy  ma$s.     The 

»:i  I'liri-  bnrncic  acid  to  boiling  water,  and  a  residue  is  left  which 

!i;  :■>  nf  magnesia.     It  dis.solvcs  in  cohl  water  slowly, 

I'l  ,       i^ity;  the  .volution  docs  not  become  turbid  on  boiling, 

and  \*  prccijiitiit.'d  liv  iimmoniii,  only  when  concentratod.   (Wiihler,  T^oyy. 
2R.  .'.27. \     It  ii5  soluble  in  75  parts  of  cojti  water.  (RatnmcXaW^.^ 


Rammeb- 

Stro- 

Arfvcdson. 

htrg. 

meyer. 

Pfttff. 

30-3 

30-75 

33 

36-3 

69-7 

6985 

67 

63-7 
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MACNBSIUM. 


CryttoUuefl.  Raminebbag. 

MgO 20-0        ....        10-18  1079 

3B0»  104-4  ..         5316  ..„  53-54 

8HO 72-0  ..  36-66  ....  35-67 

MgO,3BO>  -t-  8Aq.       lOG-4         .  100  UU        ....         lOOOO 

c.  SexborcUt.    Sometimeg  produced  in  the  form  of  a  granular  powder, 
together  with  d,  in  the  preparation  of  d  with  magnesia  alba.     Wheol 
ignited,  it  bakc8  together  and  forms  a  mass  resembling  porcelain.  (Rsffl-' 
nielsberg,  Pogg.  4,0,  l-^S.)     Sosboratc  of  potash  does  not  precipitate  tli« 
salts  of  magnesia.  (Laurent.) 

Calculation.  Ruiunelsbtig. 

MgO    200         ....           512  ....  5-585 

680"    208-8         ....         53-43  ...  54-184 

18HO    162-0                      U-45  .   .  40-231 

MgO.  CBO»  +  18Ati.     390-8        ....       100-00        ....       100-000 


Maokesium  and  PnospnoRDS. 

A.  Hypopiiospiiite  op  Maonksia. — Hypophosphite  of  lime  is  boiW 
for  a  considerable  time  with  oxalate  of  magnct<ia  and  water,  and  'li" 
filtrate  ovaj)orated. — Largo  regular  octohodrons,  possessing  consiilcniWo 
hardneiis.  They  effloresce  in  dry  nir;  ami,  when  igniteil,  \\q\A  a  <-on»iilcr- 
ahle  quantity  of  water,  together  with  spontaneously  inflammable  pli""- 
phuretted  hydrogen  gas,  and  leave  a  residue  of  a  rcd<lii'h  culoar.  Tlie 
crystals  digested  with  nitric  acid,  and  then  evaporated  to  dryness,  Iwc 
6a-ll  percent,  of  monophospliatc  of  mai,Tiesia.  (H.  Rose,  Pogg.  12,  M.) 


MgO. 
PO  . 
8HO. 


Crystallized. 
200      ....       15-22 
39-4       ....       29-99 
720      ....       54-79 


H.  RoK. 
15-48 
29-60 
54-92 


MgO,2HO,  PO  +  CAq 131-4 


100-00 


100-00 


B.  Phosphite  op  MAONEsr.i. — Sulphate  of  magnesia  docs  not  give  a 
precipitate  with  phosphite  of  nnimoniii.  The  sail  is  formed  by  bfiilin;; 
magnesia  alba  with  very  dilute  phiwpborous  acid,  and  leaving  the  filtralf 
to  evaporate  in  vacuo  over  oil  of  vitriol.  Forms  a  crystalline  crust. 
Ignited  in  a  retort,  it  yields  a  largo  quantity  of  water,  and  likewiso 
hydrogen  gas,  the  first  portions  of  which  aro  tolerably  pure,  bnt  the  latter 
are  mixed  with  pho.sphorus.  Tlio  salt  becomes  incandescent  as  it  changrs 
into  phof-phate,  and  yields  47-9  per  cent,  of  jihosphate  of  magnesia,  lingeil 
with  rod  from  the  presence  of  phosphoric  oiiJe.  Water  dissolves  it  with 
dilHculty.  (H.  Rose,  Pogg.  9,  28.) 

C.  Ordinarv  Phosphate  op  Mac.nesia.— <i.  TripliotphaU.  Present 
in  small  quuntit>es  in  vcgetiibles,  as  in  the  seeds  of  the  cereal  grasses,  and 
also  in  animal  bodies,  as  in  tho  bones,  in  urinary  c:ilculi,  and  in  bezoar- 
stones.  Formed  artificially  by  preciptluttng  sulphate  of  magnesia  with 
triphosphate  of  sod.o.  The  pri-cij>itiite  dried  at  ](J0°  still  retains  j  atoms 
of  wat«r.  When  the  salt  b  is  boiled  witii  water,  this  compoun<l  sejia- 
rates  in  combination  with  5  atoms  of  water.  (Rummelsberg.)     The  sail  is 


PHOSPHATE  OF  MAGNESIA. 


233 


ily  soluble  in  acids,  even  after  ezpoRure  to  a  white  heat  (by  which  it 

conrcrtcd  into  a  transparent  glass.)  (Graham.) 


3MeO 

Alter  ignition. 
....     liO'O     ....     45-66 

3MgO  .. 
cPO» 

5HO 

Dried  Bt  100°  C. 
.     600        ....         3401 

e'Pd'    

....     71-4     ....     54-34 

.     71-4         ....         4048 
..     450         ....         25-51 

3JJgO,cPO»  ... 

....  131-4     ....  100-00 

+  5Aq. .. 

.  176-4          ...       10000 

i.  DiphospliaU. — 1.  A  solution  of  2  parts  of  sulphate  of  magnesia  in 
3?    parts  of  water,  mixed  with  a  solution  of  3  parts  of  ordinary  diphosphate 
of  soda  in  32  parts  of  water,  deposits  the  salt  in  the  course  of  24  hours  in 
Ih©    form  of  needles.  (Fourcrov,  Riffault,  Graham.) — 2.    A    solution  of 
ffltt-^^esia  in  Tjhosphoric  acid  (Bergman),  or  a  mixture  of  acetate  of  ning- 
Dosia  with  phosphoric  acid  (I3erzeliu3),  evaporated   slowly,  also  yields 
«ryst.ils  of  this  salt. — Small  six-sided  prisms  and  needles,  having  a  slightly 
cooling  and  sweetish  taste.  (Fourcrov.)     The  crystals  effloresce  rapidly 
in     the  air.     At  100",  they  lose  8  a'toms  of  water;  at  176"  (348-8''  F.), 
C^t-oms  more;  and  at  a  stronger  heat,  the  15th  atom,  which  was  present  in 
»  l*asic  capacity.     The  residue,  after  strong  ignition  [di-pyrophocphato  of 
ma-rpiesia?],  is    insoluble   in   acids.    (Graham.)     If   the   heat   is   further 
increased,  a  transparent  glass  is  produced.   (Fourcroy.)     After  several 
^y»  digestion  with  cold  water,  1  part  of  the  crystalli7,ed  salt  dissolves 
>a_    322   parts  of  the  water;    the  solution  becomes  turbid  at  4!)'^,  and 
niilliv  at    100%  in  consequence  of  a  jn>rtion  of  the  salt  separating  un- 
tl»aiit'cd,  although  in  a  very  bulky  and  amorphous  state.     The  boiling 
kot  solution  contains  only  1  part  of  the  salt  in  498  parts  of  water;  but 
«n  rooting,  a  part  of  that  which  has  l>cen  precipitated  is  slowly  redis- 
1.    (Gniham.)     According  to  Riffault  (..I wh.  Glum.  Phyg,   19,  00), 
■  i;  water,  decomposes  the  diphosphate  into  a  soluble  acid  salt,  and  a 
bs«]c  salt   which  remains  undissolved.     IT    Schafl'or   (J?i>i.   Fharm.  50, 
l4'')  finds,  that  the  basic  residue  left  after  treating  the  diphosphate  with 
I  '  i  ug  water,  as  long  as  the  filtrate  remains  acid,  consists  of  3MgO,PO*, 
^ii(J  -f  5  Aq.,  as  observed  by  Rammelsberg  {vid.  tiipra);  the  acid  solu- 
tion evaporated  in  vacuo  over  oil  of  vitriol  yielded  a  very  acid  mass, 
.•"^nlved  by  strong  alcohol  into  a  basic  salt  and  free  phosphoric  acid, 
<■■:.■■  h  dissolved  a  portion  of  the  undecomjm.sed  salt.  II     The  salt  is  much 
-olublc  in  water  containing  a  truce  of  jihosphoric,  sulphuric,  hydro- 
'-,  nitric,  oxalic,  or  acetic  acid;  and  a  solution  thus  obtained  docs 
iiul   become  turbid  on  boiling,  (Graham,  Phil.  Mag.  Ann.  2,  20;  also 
Ann.  Pharm.  29,  24.) 

Without  water  of  rrystaUization. 

2MgO   40-0    ....      33-21 

ePO» 71-4     ....      59-30 

HO    9-0    ....        7-49 


2MgO,  HO.  ePO»....     120-4    ....    100-00 

Crystallized,  according  to  Graham. 

2MgO  40-0        ....         16-23  I 

fPO» 71-4         ....         28-98  I 

HO  9-0        ....  3-65   I 

14Aq.    1260         ....         5114    f 


14Aq. 


246-4 


100-00 


RKTanlt. 
46-98 
53-02 

100-00 


MAG!«E5IU»r. 


IT  D.  Di-PTROPHOBPHATE  OP  MjiG5E8U.^Remain8  in  tli*  fonn  rf  » 
transparent  glass  after  the  fusion  of  phosphate  of  magnesia  and  aininoaia> 
Pi-pyrophosphatc  uf  soda  gives  no  precipitate  vriih  sulphate  of  majiaeual 
till  after  the  addition  of  carbonate  of  ammonia ;  it  then  throws  down 
di-pvrophosphatc  of  magnesia  containing  but  a  trace  of  ammonia,  knii, 
mlable  with  tolerable  facility  in  an  excess  of  carbonate  of  ammonia.  »n^ 
likewise  in  pyrophosphate  of  eoda.  (Wach.  Scfiic.  59,  207.)     The  nreeipt-* 
tate  rawmblea  hydrate  of  alumina  in  appearance.     When  disfsolvrd  it 
aqueous  solution  of  sulphurous  acid  and  boiled,  it  is  obtained  in  the  fan 
fa  a  crystalline  jjowdcr.  (Schwarzenberg.) 

Scfa»anenb«rg. 


?^. 


Calculation. 
400      ....         35-9 
71-4      .  .        641 


Amorphoiu. 
35-61 
63-57 


Crystalfiiri. 
35-g 
63-9 


2MgO,PO»  ....     111-4 


100-0 


99-18 


99  7 


The  orystab  contain  3  atoms  of  water.  (Schwarzenberg,  Ann.  Fharwu 
«5,  2.)  % 

E.  Mbtapuospiiate  OF  Magnesia.     1.  Metaphospliate  of  eoda  giTM 
with  the  acetate,  but  not  with  the  sulphateof  magnesia,  a <ioft  tenacious  pn 
cipitate.   (Graham.) — IT  2.   The  salt  is  also  formed  by  dissolving  carb 
nate  of  magnesia   in  excess  of  dilute  phosphoric  acid,  evaporating  \ 
solution  to  dryness,  and  heating  the  residue  to  a  temperature  of  316^ 
(Maddrell,  Mem.  Chem.  Soe.  3,  273,  1848.) 


MeO 
p6^ 


Calculation. 
20-0       ....       22-453 
71-4       ....       77-.M7 


Maddn-U. 
22-470 
77-424 


MgO,  PO"....      91-4 


100000 


99-894  % 


MACNEBTirM   AND  StTLPHPR. 

A.  SntpninE  op  Maoxesu'm. — Magnesium  cannot  be  made  to  co; 
bine  with  sulphur  by  fusion.  (Liebig.) — 100  parts  of  anhydrous  sulpha' 
of  magnesia  exposed  to  a  white  heat   in  a  charcoal  crucible,  leave  39 
parts  of  a  white  friable  residue,  which  in  100  parts  contains  78-0  parts 
magnesia,  7'2  parts  of  magnesium,  and  12-0  parts  of  sulphur;  it  may 
be   regarded  as  a  mixture  of   magnesia  and  sulphide  of   magnesium. 
Boiling  water  dissolves  out  [bi-]hydro6ulphate  of  magnesia  and  leares 
the  magnesia  behind.     A  mixtnre  of  sulphate  of  magnesia  and  charci 
yields  very  little  sulphide  of  magnesium  after  ignition,  the  product  con- 
sisting almost  wholly  of  magnesia.  (Berthier,  Ann.  Chim,  Phys.  22,  236," 

Uydrattd  Sulphide  of  Magnesium,  or  Monohydromdphaie  n/Ma^e»i. 
^-Sepanitos  on  evaporating  an  aqueous  solution  of  the  bi-hj'drosulphate 
of  magnesia  in  vacuo,  or  on  miring  that  salt  with  a  concentrated  solution 
of  bi-hyilrosulphate  of  potash,   inasmuch  as  the  latter    withdraws  thi 
water  from  the  magnesia  salt  ; — or  on  mixing  concentrated  solutions  oi 
chloride  of  magnesium  and  bi-liydrosulphate  of  potash  :   in  either  caao 
suljihuretted  hydrogen  gas  is  set  free. — Greyisli  viscid  mass,  dissolving  ii 
acids  with  erolution  of  sulphuretted  hydrogen.  (BerxeliaeL) 


res 

oal^ 

on^l 
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H  B.  Hydratkd  double  Sulphtde  of  Hydkooen  and  Magnesium,  or 
H|-HTDROsrLPn.\TE  OF  Magnesia. — 1.  Hydrate  of  nijignesia  difl'used  iu 
B»ter  throu)»h  which  a  stream  of  sulphuretted  hydrogen  gas  is  passed, 
^  slowly  but  abundantly  dissolved,  and  this  compound  is  produced. — 
WL  A  i-imilar  solution,  but  containing  an  alkaline  salt,  is  produced  by  mix- 
ftp  a  salt  of  magnesia  with  the  bi-hyilrosulphate  of  an  alkali  in  a  dilute 
Btttf.  When  too  small  a  quantity  of  water  is  present,  the  compound 
^UDot  eiist,  but  is  resolved  into  mono-hydrosulphatc  of  magnesia,  which 
^^Hkipitated,  and  sulphuretted  hydrogen,  which  escapes. — The  solution 
^^^bed  according  to  the  first  nietliod  is  resolved  by  evaporation  in  vacuo 
or  m  an  atmosphere  of  hydrogen  gas — also  on  being  mixed  with  eoncen- 
li*ted  bi-hydrosulphat«  of  potash — into  sulphuretted  hydrogen  ga.s  and 
Hvoluble  niono-hydrosulphat«  of  magnesia.  By  boiling,  it  loses  all  its 
Bphttretteil  hycfrogcn  and  deposits  hydrate  of  magnesia.  (Berzolius, 
VMS'-  a.  443) 

H  C  Hyposttlphite  op  Magnesia. — Prepared  by  boiling  a  solntion  of 
^Bp1ilt«  of  magnesia  with  flowers  of  sulphur.  (Herschel.)  The  filtrate 
Baporated  over  oil  of  vitriol  yields  small,  transparent,  colourless,  rectan- 
^plar  prisms,  with  rhombo-octohcdral  summits  and  with  the  terminal  edges 
B|>laced  by  planes.  They  are  permanent  in  the  air,  but  lose  about  half 
Beir  water  of  crystallixation  at  170'.  They  fuse  and  are  decomposed  by 
AtttroDg  heat,  evolving  water,  sulphur,  and  sul))hurous  acid,  and  leaving 
^^^Klgnition,  3075  per  cent,  of  a  white  semifused  mass,  consisting  of 
^^^Kte,  »<ulphate,  and  pure  magnesia. — Easily  soluble  iu  water;  from  a 
^^^■itrated  aqueons  iiolution  it  is  precipitated  by  alcohol  in  the  form  of 
^BHqr  liquid,  ( Rammelsberg,  Foffg.  56,  303.) 

^L  CrjrataUized.  Rammelsberg. 

H  M|0 20-0      ....      16'40  ....        16-82 

■  ffO* .IS-O      ....      39-34  ....        39-23 

■  6H0 54-0      ...       44-26  ....         43-95                          ! 

H  MgO,S309  +  6A<i.    1220      ....     lOO-OO      ....      lOO-OO 

m  D.  SuLPniTE  op  Magnesia. — A  white  powder,  which  crystallines  !n 
Hdnbodrons  (oblique  rhombic  prisms:  Miixj^ratt),  when  its  solution  in 
Hqueoufl  8ul]»hiirous  acid  is  evaporated  ;  tastes  earthy  at  first,  and  sulphu- 
Hpu«  afterwards. — It  contains  10  per  cent,  of  mtigncsin,  39  of  sulphurous 
^kid,  and  45  of  water  (according  to  Muspratt,  .33-8.">  j>cr  cent,  of  water 
^ks  »toms). — Softens  when  heated,  and  loses  first  water  and  then  acid. 
Hrixni  etpownJ  to  the  air,  it  is  gra<lually  converteil  into  sidphate,  becom- 
^W  opaque  at  the  same  time. — Sulphite  of  magnesia  is  soluble  in  20 
Birts  of  cold  and  in  a  somewhat  smaller  quantity  of  hot  water.  (Fourcroy 
H  Vanqaelin.) 

V  E.  HyposuLPiiATE  op  Maonrsia. — Formed  by  precipitating  the 
Brposulphato  of  bjiryta  with  sulphate  of  magnesia. — IIl-dffino<l,  si.x-$ided 
fncms  ;  very  bitter  ;  ])ernianent  in  the  air.  When  heated,  they  fu.se  in 
Bteir  own  water  of  crystnilizjition,  and  leave,  after  ignition,  40-775  per 
^■Bt.  of  sulphate  of  magnesia.  The  salt  is  soluble  in  O'Sj  parts  of  water 
^■^3°.  The  «olutiou  may  bo  boiled  without  uudergoiug  decomposition. 
^Bo«reD.) 
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lUGNESlUM. 


Cryitallized.  Heerea. 

MgO    20      .„.      13-70  ....  13-87 

S^O* 72       ....       49-Sl  ....  48-44 

6HO 54          .      .16!t9  ...  3;-69 

MgO,  ffO*  +  6Aq 146       ....     100  00       ....     10000 

F.  Sulphate  op  Magnesia. — a.  Monosulpbate.  Bitftnalt;  Stid- 
ichiit:  SaU,  SfidliU  Sail;  Eptom  SdUi;  Sal  amarum,  anglicum,  eaiKar- 
ticum. — Found  in  the  crystalline  state;  also  in  magnesia-spring,  in  cct^ 
tain  salt-springs,  and  in  sea- water ;  effloresces  on  many  walls  and  rocku 
(  Vid.  Stroraeyer  &  Hansmann,  5cAu;.  69,  256.) — When  niagne-siais  mixofl 
with  fuming  oil  of  vitriol,  combination  takes  place  accompanied  bfl 
incandescence.  J 

Prqaaratkm. — 1.  By  evaporating  magnesia  waters. — 2.  From  tl» 
mother-liquor  of  sea-water  and  of  many  salt-springs;  also  from  that  obtainefl 
in  the  manufacture  of  alum.  The  chloride  of  magnesium  obtained  ifl 
the  first  process  is  distilled  with  sulphuric  acid,  and  thus  converted  va\M 
sulphate,  hydrochloric  acid  being  obtained  as  a  by-product.  (Liebifl 
Aim.  Pharm.  35,  111.) — 3.  By  dissolving  native  carbonate  of  nin^csia 
in  dilute  suljihuric  acid.  For  this  purpose,  either  the  pure  carbonate  <m 
magnesia  known  as  magiicsite  may  be  used,  {yid.  Anthon,  J.  pr.  C'heiiM 
9,  1 ,)  or  the  double  carbonate  of  magnesia  and  lime,  which  occurs  in  tbfl 
form  of  dolomite,  &c.  The  latter  is  first  ignited,  slaked  with  water,  an<fl 
then  treated  with  half  the  quantity  of  pyroligneous  or  of  hydrochloriJ 
acid  necessary  to  dissolve  the  whole.  In  this  manner  the  lime  is  sepanitofl 
by  elective  affinity,  and  the  washed  residue,  consisting  of  magnesia,  !■ 
treated  with  sulphuric  acid  or  solution  of  green  vitriol.  (Henry,  Ania 
Chiin.  Phiji.  6,  8G.) — 4.  Serpentine  containing  magnetic  pyrites,  ia 
washed  and  exhausted  with  water.  The  serpentine  of  Mount  Raraasstn 
at  Genoa,  which  contains  vein.s  of  magnetic  pyrites  and  copper  pyritoal 
is  roasted  in  alternate  layers  with  wood  in  pits  or  furnaces.  It  is  thofl 
exposed  for  some  months  to  the  air  and  frequently  moistened  with  waten 
after  which,  the  sulphate  of  magnesia,  which  exudes  in  a  stale  of  efflol 
rcsconcc,  is  dissolved  out  by  water — the  copper  separated  from  the  filtratfl 
by  nieane  of  iron — and  the  iron  by  a  quantity  of  burnt  dolomite,  jusfl 
sutfirient  for  the  precipitation.  The  liquid  is  then  filtered,  and  evapol 
rated  to  tlio  crystallizinp  point.  (Mojon,  Holland,  Ann.  Chim.  Phya 
4,  249.) — J'urijicalion.  By  prolonged  and  gentle  ignition,  solution  ill 
water,  boiling  with  calcined  magnesia,  filtration,  and  crystallization.       I 

Imjmr'Uitt, — 1.  Sulphate  of  Soda :  The  solution  precipitated  witll 
baryla-watcr,  and  the  filtrate  freed  from  excess  of  baryta  by  carbonatli 
of  ammonia,  and  then  evaporated  to  'dryness  aud  ignited,  leaves  carboJ 
nato  of  soda.  Or  :  A  cold  solution  shaken  up  with  carbonate  of  IjarvlJ 
becomes  strongly  alkaline.  (Kolreuter.)  Or  :  The  anhydrous  salt  igniloM 
with  half  its  weight  of  charcoal  yields  sulphide  of  sodium  when  digcstedl 
in  water.  (Pagenstecher.) — 2.  Chloride  of  Magnesium:  A  tendency  tfll 
absorb  moisture  from  the  air ;  precipitate  with  a  very  dilute  soluJ 
tion  of  nitrate  of  silver. — 3.  Sulpfiale  of  Manganese :  A  solution  mixciB 
with  sal-ammoniac  and  ammonia,  in  a  close  vessel  containing  airJ 
dcposil.<!,  after  a  while,  brown  hydrated  scsqui-oxido  of  manganese;  tfad 
Eame  clfect  is  produced  on  passing  chlorine  through  a  solution  to  whicfl 
bicarbonate  of  potash  has  been  added. — 4.  Suljihatf  af  tht  protoxide  on 
tesqui-ozidt  of  iron.  Precipitate  with  sulphide  of  animouium,  and  uthea 
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characters  of  iron.— 5.  SulpfiaU  of  Copper.  Brown  precipitate  or  colour 
■with  Bulpburetted  hydrogen. 

On  igniting  tlio  crystals,  a  white  opaque  mass  is  obtained,  of  specific 
gravity  2'606S  (Karsten);  it  has  a  bitter  taste,  and,  according  to  Pleiscbl, 
tnms  reddened  litmus  blue.  The  salt  sustains  a  moderate  red  bent  with- 
out decomposition.  By  exposure  for  cijrht  hours  to  a  strong  red  heat,  it 
loses  one-fourth  of  its  acid  and  becomes  partially  insoluble  in  water:  after 
ignition  for  a  still  longer  time,  it  appears  to  bo  no  longer  .soluble  in 
water,  but  only  in  hydrochloric  acid,  emitting  an  odour  of  sulphuretted 
hydrogen.  (Daubeny,  Edinh.  Phil.  J.  7,  111.)  [TLi.s  odour  would  lead 
to  the  supi)08ition  that  the  loss  of  sulphuric  acid  was  due  to  the  action  of 
some  reducing  agent  from  the  fire,  and  not  to  the  heat  alone.]  —  By  heat- 
ing dry  sulphate  of  maL^nesia  to  redness  with  charcoal,  a  mixture  of  one 
Volume  of  carbonic  aci(iga.s  and  two  volumes  of  sulphurous  acid  gas  is 
obtained,  together  with  free  sulphur,  the  residue  consisting  of  magnesia 
free  from  sulphide  of  magncsiuni.  (Gay-Lussac,  J.  pr.  Chan.  11,  G8.) 
At  a  white  ln-.it,  a  small  (quantity  of  sulphide  of  magnesium  is  formed 
at  the  same  time.  (Berthior,  III.,  234.) — Ammonia  in  excess  throws  down 
from  an  aqueous  solution  of  this  salt  a  translucent,  gnmular  precipitate 
-wiiich  rapidly  collects  at  the  bottom  ;  it  contains  G7';j  per  cent,  of  the 
earth,  I'Cof  sulphuric  acid,  and  30't)  of  water.  (Berzelius.) — Sulphate 
of  magnesia  is  not  decomposed  by  aijucous  hydrochloric  acid,  and  crys- 
tallir.es  without  alteration  fruiu  a  solution  in  this  acid,  on  evnporatiim 
and  cooling.  (Kane.) — An  aqueous  solution  is  decomposed  by  double 
aifinity,  when  mixed  with  chlurido  of  ammoniuin,  chloride  of  potn-'^siura, 
or  nitnite  of  potash;  the  alkaline  sulphate  produced  unites  with  uudecom- 
posed  sulphate  of  magnctsitt  to  fonn  a  double  salt.  (Karsten.)  The  athni- 
licii  broujrht  into  jilay  between  sulphate  of  magnesia  and  common  salt 
vary  with  the  temperature.  (1.,  13t.) — A  recently  prepared  mixture  of 
crystallized  sulphate  of  magnesia  antl  bicarbonate  of  soda  dissolves  in 
water  without  turbidity;  but  a  similar  mixture,  after  being  kept  for  some 
months,  deposits  carbonate  of  magnesia.  (Planche,  J.  Phai-ni.  12,  131.) 


MgO   .. 

SO» 


After  ignition. 
20        ....        33-33 
40        ....        66-67 


Henty. 

32-14 

07-86 


Gay-Lussac, 
33  to  331 
67     ,.     06-9 


MgO,  SO' 


CO 
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100-00 
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Enrlir 

33-36 
60-64 


Ulrr. 
34 
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Weniel. 

33-5 
04-5 


Kirwnu. 

36-68 
C3-32 


100  00 


100 


100-0 


100-00 


Comh'xnoUoiu  vith   Watrr.     Siilpliato  of   magnesia,   after  ignition, 

evolves  considerable  heat  on  being  mixed  with  water.  (Richter.)     Ex- 

Bsed  to  the  air,  it  slowly  absorbs  water.     100  parts  of  the  ignited  salt 

_^fcbtiorbed  from  the  air  in  ten  days  during  the  month  of  June,  103'05  parts 

'of  water  (7  At.),  but  no  more  afterwards.  (Bliichcr.) 

a.   With  one  atom  of  uxUer. — Prej)ared  by  heating  crystallized  sulphate 
of  magnesia  to  132°  (269-^  F.)  in  the  air.     This  last  atom  of  water  is 
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not  expelled  below  210°— -238°  (410 — 160-4°  F),    Qrahaai  dUtin^BMldi 

it  from  the  water  of  crystallization  by  the  name  of  «on«lilutional  w»t«r, 

&.    With  two  atoms  of  water.     Obtained  by  drying  the  crystallized  m 
in  vacuo  over  oil  of  vitriol  at  100".     At  a  temperature  of  '^2°  (71  U'  FJ 
in  vacuo  or  100''  in  the  air,  rather  more  than  2  atoms  of  water  are  I 
behind.  (Graham,  Phil.  Hag.  Ann.  6,  422.) 

y.  With  fix  atomt  of  Waltr.  Crystallizes  from  a  solution  evatponUad 
by  heat  till  a  crystalline  film  foruia  on  the  surface,  and  then  set  ZBii* 
for  6OW0  time  in  a  warm  place.  Opaque  crystals,  similar  in  form  to 
tliotte  of  borax,  but  with  different  angles.  (Haidinger,  Pogi/.  (>,  )!>l.) 
When  Uio  crystals  of  the  7-hydrated  aalt  are  gradually  hcat«d,  tliey  gni- 
dcnly,  at  52",  give  off  one  atom  of  water,  and  are  converted  into  u 
aggregate  of  small  prisma  of  the  salt  y,  converging  from  without  to- 
wards  the  centre  of  the  moss.  (Mitacherlich.)  Hence  it  appears  that  tin 
dimorphiism  described  (I.,  132),  according  to  Mitscberlich  s  earlier  stale- 
niont,  docs  not  really  exist,  tlie  quantity  of  water  being  different  io  tin 
two  cases. 


f1 

!e/fl 

1 


MgO. 
6BO 


Calculation. 
20      ....       I7'54 
40      ....      3&-09 
54       ....      47-37 


MgO,  S0»  +  6Aq. 


114 


10000 


i.  WUJi.  7  atom*  of  Wat^r. — The  ordinary  form  of  sulphate  of  ni«^- 
nesia. — Crystallizes  from  a  warm  and  not  too  concentrated  solutiou  liy 
cooling  or  ny  spontaneous  evaporation.  Transparent  prisms  and  needle^ 
belonging  to  the  right  piismatie  system.  {^Fi<j.  71  <k  72)  m'  :  u  =  W 
30';  «/'  :  t  =  134"  45';  «'  :  o'  =  129^-  y  above  :  y  below  =  XW 
(nearly)  cleavage  jwrallel  to  t.  (Brooke,  Ann.  Phil.  22,  40.)  Specifi« 
gravity  =  1-751  (Mohs),  =  l'e74.  (Kopp.)  Effloresces  only  in  warm 
dry  air,  and  then  but  slightly;  when  gently  heated,  it  fuses  and  beoomet 
anhydrous. 

Long-         Gay-  Wen- 

Crystalliied.        champ.  Lassie.  zel. 

20        16-26        13-25  1604  lfi'86 

40        32-62        33-75  3253  .10-64 

63        51-22        5300  5143  52-.'i0 


MbO. 

80» 
7H0. 


Mictchcr- 
Kirwan.       Ikh. 
1700  1 
29-35  j 
53-65        51-2 


488 


MgO.  SO'4-7Aq.   123       100-00      10000      10000      10000      100-00       1000 


MgO, 

80>   . 
7H0. 


Hoiuy.     A.VogeL    Mojon.    fieipnan.  Dslton.    Beneliua. 

Kalirr. 

I  18  19  19  19 

\  33  32  33 

51-527  48 


48-473 


49 


48 


37 
44 


1907 
3815 
42-78 


100000 


99 


100 


100 


100 


100-00 


Several  of  these  last  analyses  were  probably  made  with  the  sex-by- 
drated  salt. 

I.  With  12  aUm*  of  Water. — A  saturated  solution  of  sulphate  of  mag* 
nosift  is  resolved,  below  0",  into  a  mass  of  ice  and  crystals,  which  are 
obtained  sejiarato  after  the  slow  thawing  of  the  ice  at  0°.     Prepared  in 

kU  quantities  they  are  opaque,  but  when  made  on  the  large  scale,  Imns- 

eut.    Above  0°  they  givo  off  water,  and  ore  converted  into  opacpo 
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fea-bjiirated  siilt,  without,  however,  changing  their  foim.  (Fritzsobe, 
.  42,  577.) 

CalcuUlion.  Frilisobe. 

MxO.SO*  GO        ....        35-71        ....        3613 

12UO    108        ....        6<-29         ...        63-87 


MsO,SO*'«-12Aq.     1C8 


100-00 


100  00 


Sulpbate  of  magnesia,  after  ignition,  dissolves  very  slowly  in  water, 

{ireriously  crumbling  to  a  fine  powder;  the  crystals  dissolve  very  rapidly. 

100  parts  of  water  at  0"'  dissolve  25-76  parts  of  the  anhydrous  salt,  and 

0"4TS16    parts  for   every  degree  heyond.    (Gay-Lussac.)     One   part  of 

"hi  seveu-hydrated   salt    dissolves    in   0-799    parts  of   water  at    18-75^ 

15.75°  v.),  forming  a  liquid  of  specific  gravity    1  -2932.     A  saturated 

llntion  at  8"  (46-4'  F.),  has  a  specific  gravity  of  1-267.  (Anthon.)     Sul- 

bkte  of  magnesia  dissolves  much  more  rapidly  and  abundantly  iu  a({ueous 

^rochloric  nciil  than  in  water,  yieldiug  a  clear  syrupy  liquid,  (Richter, 

dkJiiom.  2,  243.) 

irmglh  of  an  Aqueovs  Solution  qf  SulphaU  qf  Magne$ia,  at  15°  (59°  F.) 
according  to  Antlion  {J.  pr.  Chan,  9,  3). 


h 

Pn  tMt. 

sp.n. 

Per  ccBi. 

8r.(T. 

Per  UMi. 

•p.»r. 

Frrcru. 

M70 

47-36 

1150 

28-57 

1-107 

20-63 

1-055 

10-71 

Nso 

44-44 

1-147 

28-05 

1-104 

2000 

1-050 

9-91 

T230 

4117 

1-145 

27-53 

l-IOl 

19-35 

1046 

9  09 

1-207 

37-SO 

1143 

27-01 

1098 

18-69 

1043 

8-25 

1-174 

33-33 

1140 

26-47 

1-095 

1803 

1-039 

7-41 

1-I7i2 

32-88 

M37 

25-92 

1091 

J  7-35 

1-034 

6-54 

Mm 

32-43 

1-134 

25-37 

1-088 

16-66 

1-029 

5-66 

1  h'.-. 

31-97 

1131 

24-81 

1-084 

15-96 

1-0-24 

4-76 

lii.i. 

31-51 

1-128 

24-24 

1-080 

16-25 

1-020 

3-84 

1  164 

31-03 

1124 

23-66 

1075 

14-52 

1-016 

2-91 

1161 

80-55 

1-120 

2307 

1-072 

13-79 

1010 

1-96 

l-i&g 

3006 

1117 

22-48 

1-068 

13-04 

1-006 

0-99 

I  I. 1.5 

29-57 

1-114 

21-87 

1-064 

1228 

l-liS 

2907 

1-111 

21-26 

1059 

11-50 

O.  SrLPniDE  OP  Carbon  and  Magnesium  and  Hydrosulphocah- 

BONATE  OP  Magnesia. — Hydrosulphocarbonate  of  l>aryta  is  precipitated 

'        ilphato  of  magnesia  and  the  filtrate  evaporated  in  vacuo;  a  film  forms 

^ur£ace,  and  a  portion  of  bisulphide  of  carbon  evaporates.     The  dry 

of  a  pale  lemon  colour,  and  not  crystalline.     Cold  water  dissolves 

l>artially,  acquiring  a  deep  yellow  tint  and  a  hot  peppery  ta«te. 

I'ho  insoluble  residue  is  a  hatic  lalt,   which   is  decomposed   by    boiling 

Water,  im)>arting  to  it  a  yellow  colour,  and  leaviug  a,  residue  of  ourbu- 

mte  of  magnesia.  (Berzelins.) 


Magnesiuh  and  Selenicm. 

A.  Selenide  op  Magnesicm  1 — An  aqueous  aolntion  of  selenide  o{ 
['i.t:i-sium  gives  with  salts  of  magnesia  a  neshn^oloured  precipitate  from 
IV till  li  acids  separate  selenium;  it  likewise  evolves  selenium  when  ignited, 
^Berzeliu;s,) 

B.  Bi-nvDRosELENTATE  OP  MaonebIa  t — MagHf-sia  dissolrea  in  vatet 
rough  which  avlvuiurcttod  iiydrcgoii  ia  passed.  ^BtricWua."^ 
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C.  Selbhite  op  Magnesia. — a.  MonouUnile. — Prepared  hy  iigwi^. 
ing  carbonate  of  magnesia  in   an   aqueous  solution   of  selenions  aciJ^ 
Granular,  or  crystallizinj;  by  the  evaporation  of  a  Lot  aqueous  solution,  ti 
small  hydrated  four-sided  prisms  and  tables  (in  rhombic  prisms,  ~ 
ing  to  Muspratt).     When  heated,  it  loses  water  and  assumes  an  en 
like  appearance;  and,  in  this  state,  attacks  glass  like  the  selenite  of  1 
but  without  fusion  or  loss  of  acid  (after  fusion,  according  to  Muspratt^ 
Very  slightly  soluble  in  hot  water.     The  crystals  contain  3  atoms 
water;  and  the  salt  is  isomorphoua  with  tho  sulphate  and  carbonate 
the  same  base.  (Maspratt.) 

h.  BiteUniU. — Forraedby  dissolving  a  in  excess  of  selenious  acid,  ao4 
precipitating  with  alcohol.  Uncrystallizable,  tenacious,  doliquocceDl 
mass.  (Berzelius.) 

D.  Seleniatk  OP  Magnesia. — Resembling  the  sulphate  in  solubility^ 
and  in  the  form  of  its  crystals.  (Borzulius,  Lehrb.  4,  317.) 


Magnesium  and  Iodixb. 

A.  Hydrated  PnoTioDiDE  OP  Maonesjbm,  or  Hvdriodate  op  Mag- 
nesia.— A  difficultly  crystallizable  salt  which  deliquesces  in  the  air,  ami 
on  exposure  to  heat,  gives  ofl"  hydriodic  acid  and  is  converted  into  p' 
magnesia. 


AG- 

hnd,fl 


B.  Hypo-iodite  of  Magnesia  ? — When   majinesia  and   imline  ore 
brought  together  under  water,  reddish-brown  flakes  are  deposited  ani] 
a  small  quantity  of  iodate  and  hydriodate  of  magnesia  are  found 
tho  solution;  these,  on  evaporatintr  the  water,  are  likewise  changed  inii 
brownish,  insoluble  flakes.     This  T>rown  compound  is  resolved  by  heat| 
into  magnesia  and  vapour  of  iodine.     Boiled  with   a  large  quantity 
water,  it  is   resolved  into  iodate  and  hydriodate   of  magnesia  which  dis-l 
solve,   and   magnesia   which    remains    as   a    white    precipitate.    (Gay- 
Lussac.) 

C.  Iodate  of  Magnesia. — A  soluble  salt  not  vet  farther  examined. 


Maonesicm  and  Bromine. 

A.  Bkomttie  op  Magnesium. — Found  in  sea-water  and  in  numel' 
salt-springs. — Bromine  alone  does  not  decompose  magnesia  at  a  reil  bent.] 
(Biilard.)     The  compound  is  fonned  bypassing  vapour  of  bromine  over  iil 
mixture  of  magnolia  and  charcoal  at  a  red  heat,  (Liiwig.)     A   portioaf 
of  tho  bromide  of  magnesium  is  carried  over  into  the  receiver  by  the  car 
bonic  acid  gas,  another  portion  remaining  at  the  extremity  of  tho  porce- 
lain tube.  (.Serullas.)     White  mass,   of  crystalline  aspect;   not  fusible 
l>eIow  a  red  heat;  not  volatile.  (Serullas,  y.  Chim.  Med.  8,  4;  also  Poffff. 
24,  343.)     The  dry  salt  or  a  very  concentrated  solution,  evolves  bromine 
immediately  on  the  aildilion  of  oil  of  vitriol ;  but  if  it  be  distilled  io  ft 
dilute  slate  with  sulphuric  acid,  the  whole  of  the  bromine  passes  over  in 
the  form  of  bydrobromic  acid.  (Liiwig.) 

Hvdrateu  Bromide  op  Macxesitm  or  Hvdrodromate  of  Mao-, 
NESIA. — Bromide  of  magnesium  dissolves  in  water  with  evolution  of  he 
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El  a  Li.wing  noise  (Liiwig),  and  deliquesces  rapidly  in   the  air.  (Scrul- 
)     Magnesia  is  dissolved   in  aqueous  liydrobromic  acid  and  the  soiu- 
I   evaporated  to  the  crystailizing  point.     This   is  best    aceomplished 
Budcr  llie  evaporating  receiver  by  the  aid  of  oil  of  vitriol.  (Ranimeisberg, 
f*/.  5.5,  23S.)      Decomposed   by   heat  into  liydrobromic  acid  gas  and 
Qesia;  deliquescent  in  the  air.  (Balard.)     On  distilling  the  aqneona 
I  tion,  part  of  the  hydrobroniic  acid  is  likewise  expelled.  (Liiwig.) 


Bk«i 


Anhydrous. 
120     .  .     l.{27 
78-4     ....     86-73 


Mg  .. 
Br  ... 
6HO 


Hydrsted  cryatala.  Rammelsberg, 

120     ...       8-31  ,...       874 

784     ....     54-29  ....     5400 

54-0     ....     37-40  ....     37'2G 


MgBr 


90-4 


10000 


+  6Aq.  ..   144-4 


100-00 


100-00 


B.  HvponRO.MiTE  OP  M.vn.NEsiAl — Bromine,  shaken  up  with  mag- 
w«»la  diliu-^ed  in  water,  anil  filtered,  yields  a  yellowish  liquid,  which  first 
Virtis  reddened  litmus  blue  and  then  bleaches  it;  bromine  is  evolved  on 
iW  a>ldition  of  even  the  weakest  acids.  (Lbwig.)  Light,  heat,  evapora- 
tion in  vacuo,  or  an  excess  of  bromine,  decomposes  this  compound  into  bro- 

1«  and  hydrobroniatc  of  magnesia.  (Balard.) 

C.  Bbomate  ofMacxesia. — Prepared  by  dissolving  pure  magnesia  or 
I  carbonate  in  an  aqueous  solution  of  bromio  acid.  (Lbwig.)  Regular 
ohcdrons  containing  water;  they  effloresce  in  the  air  .and  fuse  when 
ktcd,  in  their  water  of  crystallization,  which  is  driven  ofl°  entirely  at  a 
Bporuturo  above  200"   (SflZ""  F).       On   slightly   increasing    the    heat, 

our  of  bromine  and  oxygen  gas  are  expelled,  and  pure  magnesia  re- 
nins behind,     Soluble  in  1 '4  parts  of  cold  water.  (Ramuielsbcrg,  Fogg. 
52,  9'J.) 

Magnesium  and  Culorine. 


A.  Chloride  op  Magnesium. — Found   in  sea-water  and  in  several 

il  waters  and  salt-springs.     Magnesium  takes  fire  in  chlorine  gas. 

.-.)     Magnesia  absorbs  chlorine  at  a  red  heat,  evolving  a  quantity 

.-en  gas  equal  to  half  the  volume  of  the  chlorine.  (H.  Davy.) — 1, 

''-("lied  by  patising  chlorine  over  ignited  magnesia.  (Gay-Lussac  &  Thc- 

1.) — 2.  By  passing  chlorine  over  an  ignited  mixture  of  magnesia  and 

«oal,  which  latter  facilitates  the  decomposition.    Biissy  {J.  Chim,  Med, 

I  Ul  /  mixes  equal  parts  of  mugne.iia  and  starch  with  a  small  quantity  of 

er,  and  works  them  well  together  to  the  consistence  of  dough;   ignites 

I  mixture  thoroughly   in   a  covereil    crucible;  hcatjj  the  carbonaceous 

ue  to  redness  in  a  slightly  inclined  porcelain  tube;  and  passes  chlo- 

'  gut  over  it.     The  chloride  of  magnesium  runs  down  the  tube  without 

ilixing. — 3.  By  igniting  the  double  chloriile  of  magnesium  and  am- 

ooinni.   (I)ol>creiner,  Schw.   28,  &0.)     Liebig  cvuponitea   a    solution  if 

lial  parts  of  hydrochlorate  of  niagucnia  and  sul-ummoniac  to  dryness; 

ujcrta  the  residue  in  small  quantities  at  a  time  into  a  red-hot  platinum 

DciUe;  and  continues  the  heat  till  all  the  sal-ammoniac  is  expelled,  and 

m:i.-i  outers  into  tranquil  fuHion,     A  similar  prtuluct  is  obtained  by 

intimate  mixture  of  1   part  of  magnesia  with  2  parts  uf  sai- 

(Berzelius.) 

Wiiif^,    translucent  ma.ss,    consisting  of    largo,    flexible,  crystalline 

with  a  pearly  lustre.     Fuses  by  goalie  ignition,  axvd  totvftft  tk  t\cKt 

♦©L.  J//.  u 
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liquid.  Its  taste  !«  eharp  and  bitt«r.  It  may  be  ignited  in  a  perfrd 
dry  atmospbero,  without  unrlorgoing  decom|>osition ;  but  when  wntcr 
Iirosent,  it  is  resolved  into  bydrooliloric  acid  gas  and  magnesia.  (0« 
Luswic  &  Thenard.)  It  is  decomposed  by  ij^nition  with  chlonite 
polofeh.  (Dobereiner,  N.  Br.  Arch.  13,  155.)  Red  oxide  of  mercury  beat 
in  an  aquooua  solution  of  this  salt  precipitates  magnesia.  (Berzelius.) 

CoIcuUtioD. 

ICc 120  .  25-32 

CI   354  .  .  74-68 

Mg,  CI   iVi  ...  100-00 

Or:  Wenicl.  Marcet.        BerthoUct 

MgO 20-0    .  .     42-19      .  .      43      ....      43-99      .-.      36-S 

MuO'   27-4       ..     57-81      ...       S7       ....      S6-0I       ....       68-5 

MgO,MuO>    47-4     ....  100-00        ..     100      ..       10000      ....     100-0 

Hi/drcUed  Chloride  of  Magnetium  or  Hydroehlorate  of  itagnma.— 
Chloride  of  magnesium  evolves  considerable  heal  with  water.  'Dr>l)«- 
reinor.) — 1.  Magnesia  alba  is  dissolved  in  dilute  hydrochloric  acid  .'ii«I 
the  solution  evaporated. — 2.  A  solution  of  2  parts  of  sulphate  of  nisg- 
nosia  ami  1  part  of  common  salt  in  4^  parts  of  water  is  evaporate<l  w 

4  parts,  nnd  exposed  to  a  temperature    of    3^    (ST'-i''   F, ',   whcr 
Glauber's  salt  crystallizes   out,  atid  bydrochlorate  of  magnesia    r^ 
in   solution.    (Berzclius.)       Crystallizes    with    difficulty    in    recdl' 
prisms;  has  a  sharp  bitter  taste.     The  crystals  begin  to  "ivo  off  i 
clildric  acid  at    100°;  fuse   partially  at  112°,  and  completely  at 
(Braudcs,  Br.  Arch.  12,  105);  and  are  converted,  with  loss  of  wai' 
hydrochloric  acid,  into  a  mixture  of  magnesia  with   a  small   qiinndty 
of  chloride  of  magnesium.  (H.  Davy.)     The  presence   of  sal-amninuiac 
(Dobereiner)  or  of  chloride  of  sodium;  (Ligeanl,  Br.  AreJi.  14,   149) — 
compounds  which  have  great  affinity  for  chloride  of  magnesium — pr<>- 
Tetits  its  dcconipusition  into  hydrochloric  acid  and  magnesia,  br  evapon- 
tiou  and  expo.<iurc  to  a  high  temperature.     The  salt  is  deliquescent  id  ibo 
air;  dissolves  in  (J-G  jiarts  of  cold,  and  in  0273  |>arts  of  hot   water;  in 

5  parta  of  ulroliul  of  ^pecific  gravity  O'OO"';  and  in  2  porta  of  alcohol  of 
specific  gravity  0-817. 

Cryatalliied.  Gnkham. 

Mj 12-0        ....        11-83 

01    35-4         ....         3J-91         ....         33-91 

6HO   54-0         ....         53-26 

MgCl  +  6Aq 101-4        ....      10000 

Or :  Murray. 

MgO     20-0  ....  19-72        ....        21-3 

nCl  36-4  ....  35-90 

BHO  45-0  ....  44-38 

MgO,  HCl  +  &Aq 101-4         ...       100-00 

With  hydrochlorafo  of  magnesia,  nmmonia  in  excess  gives  a  colonrl 
opaque,  clammy  piecipitale,  which  slowly  collects  at  the  bottom  of  the 
vessel,  and,  after  thorough  washing,  still  retains  about  one  per  cent.  •( 
hydrochloric  acid.  (Bcrzolius.)  I 
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B,  HrpocBLORiTE  OF  Maongsia. — The  earth  dissulved  in  an  aqaeoua 
sc»I  tition  of  hyjiuchlorouti  aci<l  yielde  a  bleaching  liquid,  which,  when  excess 
of  Xho  acid  is  present,  is  gradually  and  8[>ontaueuui>ly  converted  into  chlo- 
nc^  and  hydrochlorato  of  magnesia,  oxygen  and  a  small  quantity  of  chlo- 
ttxac  lieiiig  set  free.  If  the  magnesia  is  in  exce!^8,  it  is  deconi posed  by 
•v**I'oration  in  racuo.  (Balard.)  C/iloride  of  magnetia — that  is  to  say,  the 
h'Vjiocliloiile  mixed  with  hyilrochlorate  of  niagnosia — is  obtained  when 
*t*l<jrinc  gas  is  passed  through  water  in  which  magnesia  is  diffused.  Tha 
li<J  uid,  eren  after  boiling  for  a  quarter  of  an  hour,  still  retains  bleaching 
jerties.  (Orourelle.) 


C.  Chlorate  of  Maonesia. — MgO,  CIO*  +  CAq.  Hydrofloosilicate 
or  ixagncsia  is  added  to  a  boiling  aqueous  solution  of  chlorate  of  potash  as 
lota^  as  a  precipitate  appears;  the  liquid  is  then  filtered  and  evaporated 
•*  s  small  bulk.  (Berselius  )  This  compound  forms  a  thin  crysl:illine 
crt»«i,  and  possesses,  according  to  Chenovix,  the  same  characters  as  the 
wlciRitc  of  lime;  according  to  the  same  authority,  it  contains  257  per 
«eut  of  magnesia,  600  of  chloric  acid,  and  14-3  of  water.  It  is  reailily 
*<kluhlciu  alcohol;  fuses  at  40°;  and  loses  its  water  at  120".  (Wiichter.) 

D.  Pbrchxorate  of  Magnesia.  —  Long  prisms,  deliquejiceut,   and 
">luble  iu  alcohol.   (Serullas.) 

E.  Chloride  of  Iodine  and  Magnrsich. — I.  lodate  of  magnesia 
■    '  '.d  down  with  hydrochloric  acid  of  22^  Bm.  to  a  thin  paste,  is  intro- 

l  quickly  into  a  cylindrical  vessel  surrounded  with  lukewarm  water, 
Jii'l  Lydrochlnric  acid  gas  passed  through  till  every  thing  is  dissolved,  and 
f^*  iimre  chlorine  escapc;i ;  the  liquid  is  then  cooled  till  crystallization  com- 
••■•■9. — 2.  A  concentrated  solution  of  hydrio<late  of  magnesia  is  eatu- 
•i  with  chlorine  gas. — 3.  An  aqueous  solution  of  terchloride  of  iodine 
■  'Hixe<l  with  hydrochlorate  of  magnesia. — Crystals,  not  distinguishable, 
"''■  r  in  form  or  in  colour,  from  the  potassium  compound,  and  of  similar 
lical  constitution;  very  easily  decomposed.  Deliquescent,  (Filhol, 
y/c^rni.  25,  -J42.) 


Magnesium  and  Fluorine, 

A.  Fluoride  op  Maonesium. — Formed  by  treating  carbonate  of 
""'ancsia  with  hydrofluoric  acid,  or  by  mixing  fluoride  of  potassium  with 
■'M'liate  of  magnesia  dissolved  in  water.  White,  tasteless,  and  not  de- 
'  "iiruscd  by  ignition.  (  Bcrzelius.)  Insoluble  in  water,  and  nearly  inso- 
"'ili'  in  aciils  (Gav-Lus«ac  &  Theuard);  not  soluble  iu  water,  or  in  excess 
cf  aqueous  Lydroffuorio  acid.  (Dercclius,  Fogg.  I,  22.) 

B.  HvDROFLrATE  OF  BoRATB  OP  M  voNnsiA. — Laigo  prisms,   of  a 
uitlertavle;  readily  soluble  in  water.  (Bcrxelius.) 


Magnesium  and  Nitrogen. 

A.  Nitrite  op  Magnesia. — Deliquescent.  (Mitscherlich.)     Forms s 
— '■'  — 'ino  mass,  readily  soluble  in  alcohol;  insoluble  in  absolute  alco- 
lier,  Pogg.  74,  ll.j.) 
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B.  Nitrate  op  Maonesia. — Fonnd  In  Bpring-water,  tfaoneb  imitehr, 
as  in  tbitt  of  StockliDlni.  (Berzolius  )     It  is  formed  in  nitre"  '   u 

substances  containing  magnesia  are  present.  Prepared  by  di.*-<j. 
nesia  alba  in  nitric  acid  and  concentrating  by  evaporation. — The  auh  il-x.^ 
not  give  up  the  whole  of  its  water,  even  at  a  temperature  between  320'  nml 
400'  (608',  752'  F.),  not  indpe<l  till  the  acid  itself  bejiius  to  escape  (in  the 
form  of  hyponitric  acid  ami  oxygen  gas).  The  decompogition  may  be  com- 
pletely effected  over  the  flame  of  a  spirit-lamp.  (Gtahsni,  Sehie.  35,  105.) 
The  salt  detonates  slijrhtly  with  combustible  bodies,  anJ  is  decomposed  bj 
an  aqueous  solution  of  sulphate  of  potash  into  nitrate  of  potash  and  -ul- 
phate  of  niagnetiia,  which  forms  a  double  salt  with  the  sulphate  of  potJisli 
if  the  latter  is  in  excess.  (Funcke.) 

a.  With  one  atirm  of  Wattr. — Prepared  by  heating  the  sex-hydrated 
salt  to  the  meltinj;  point  of  lead.  The  fused  residue  is  transparent,  ((in- 
hum,  Ann.  Pliarm.  29,  17.) 

8.  With  G  atonu  of  Water. — Crystallizes,  on  cooling  a  conccntrswd 
solution.  Rhombic  prisms  and  needles,  having  a  sharp  bitter  taste.  The 
crystals  melt,  in  the  fire,  and  lose  from  34'02  to  34-26  per  cent.  (5  .M.Jo( 
water.  (Gralmtn  )  They  deliquesce  rapidly  in  the  air,  and  dissolve  in 
half  their  wci<;hl  of  cold  water,  and  in  9  parts  of  cold  alcohol  of  specific 
gravity  0S40 ;  with  greater  <liBiculty,  however,  in  absolute  alcoW 
(according  to  John,  scarcely  at  all). 


MgO. 

NO»  . 


Anbjdmas. 
20        270,t 
.■>4         72-97 


Wcnicl. 

2H     . 


Biicholz. 
30  ,. 
70     .. 


Ui.htcr. 
.30-45 
b9-55 


BcriholM. 
33-tl 
664 


MgO.NC         74       100-00 


100 


100 


10000 


lOO'O 


MgO. 
HO    . 


With  one  atom  of  water, 

.,„ 20 

84 

9 


M(0 

NO* 
6H0 


MgO,  NO*  •«-  Aq 83 

CrjrstalUzed. 
20  lS-62 
54  42-19 
54        4219 


24-10 
65()6 

10-S4 

10000 


Graham. 
15-80 


Kirwan. 
22 
46 
32 


BerrmM- 
27 
43 
30 


MgO,  NO*  -h  6Aq.       128       100-00 


100 


100 


The  last  two  formulio 
MgO,  HO,  NO'  -f  5Aq. 


may  also  bo  written:    MgO, HO, NO*  and: 


J 


C,  CAnnoNATE  OP  Magnesia  and  Ammonia. — Crystallizes  from 
mixture  of  the  cold  aqueous  solutions  of  sulphuto  or  liyilrochlorate  of  mag 
sia  and  excess  of  sesqui-carbonate  of  ammonia,  after  standing  for  several 
hours.  (Fourcroy,  Bucholz ;  Grov,  Grinidr.  d.  CVie-wi.  revised  by  Buchol 
1,  274.)  From  2  to  3  parts  of  c;irbonate  of  ammonia  ari>  required  for  ol 
part  of  sulphate  of  magnesia.  (Guibourt.)  A  solution  of  magnesia  in 
aqueous  solution  of  scsqui-carbounti'  of  ammonia  also  yields  a  crop  of  cr 
tals  after  a  short  time.  (Wxtisiain,  Itepert.  57,  67.)  Translucent  rhom' 
hcdral  crystals.  (Dcibereiner,  Sc/iw.  13,  320.)  They  evolve  ammonia  wb 
exposed  to  the  air.  The  odour  is  no  longer  emitted  after  they  have  " 
thoroughly  dried  by  means  of  chloride  of  calcium,  but  is  again  evolvi 
when  they  are  wotted.  (Guibourt.)  The  residue,  after  ignition,  consii 
of  magnesia.    The  crystals  nro  not  soluble  in  aqueous  solution  of  carboni 
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of  ammonia,  but  dissolve  in  pure  water  without  dcconijiosition.  The  solu- 
tion,  when  heated,  evolvea  carbonate  of  ammonia,  and  deposits  all  the 
magneiia  in  the  form  of  carbonate.  (Guibourt.)  If  a  portion  of  sulphate 
of  ammonia  still  adheres  to  the  salt,  the  precipitate  diminishes  in  quantity 
on  furtlior  application  of  heat.  (Guibourt.)  According  to  Bucholz,  the 
crystals  are  decomposed  by  water,  a  salt  richer  in  carbonate  of  ammonia 
beincf  dissolved,  and  a  salt  containing  less  of  that  substance  remaining 
behind. 


Cryatulliicd. 

NH»„ 17  13-49 

MftO   20  15'87 

2C03  4i  34-^2 

5HO    45  35-72 


NH' 


Buebotz. 

18 
32 
50 


Guibourt. 
15-625 


126 


lOO-OO 


lUO 


D.  Borate  of  Maonesia  and  Ammonia. — An  aqueous  mixture  of 
"orate  of  ammonia  and  hyrlrochlorato  of  magnesia  spontaneously  evapo- 
^tpil,  dc(H'.<iit.-.  a  crystiUine  crust  contiining  2-69  per  cent,  of  ammonia, 
''"::i  s  to  fl  of  mugucsia,  and  from  43  to  45  of  water,  while  chloriile  of 
\iJi  iKiniuni  and  the  excess  of  borate  of  ammonia  remain  in  the  mother- 
'i*liiiil.  An  aqueous  solution  of  this  salt  becomes  turbid  when  boiled,  and 
*^<jlves  ammouix  (Rammelsberg,  Pogy.  49,  451.) 

PnosPFiiTE  OP  Maqnksia  and  Am.monia. — Formed  by  mixing  the 
lutious  of  the  two  simple  salts.     Crystallizable,  and  but  slightly  soluble 
VAter.  (Fuurcroy  £«  Yauquelin.) 

F.  PnospuATK  OP  MAONF.SIA  AND  Ammonia. — Discovered  by  Four- 
croy. — IT  Found  native  by  Ulcx  (Ann,  fliann.  58,  99),  in  some  old  soil 
in  the  city  of  Hamburg,  crystallised  in  regular  sLvsided  prisms  with 
diliD<iral  summits,  belonging  to  the  right  prismatic  system.  Some  of  the 
crytals  were  between  one  and  1  \  inch  long,  and  \  inch  thick,  and  weighed 
fKnii  one  to  2  grammcei.  Sp.  gr.  =  1-7.  Ulcx  distinguishes  this  mineral 
liytli'^  name  of  .SVrui'iVf.  IT  Found  likewise  in  certain  animal  concretions, 
aiid  lit'posited  froui  decomposing  urine.  It  is  precipitated  from  any  solu- 
tion whatever,  in  which  magncaia  meets  with  phosphoric  acid  and  ammo- 
nia.— 1.  Phosphate  of  magnesia  with  diphosphate  of  ammonia.  (Fourcroy.) 
Thi-  rupematant  liquid  becomes  acid.  (Wach.) — 2.  A  neutral  salt  of  mag- 
i;i  1,1  with  diphosphate  of  ammonia,  the  solution  being  heated,  (ficrzelius.) 
la  this  cose  also  the  liquid  becomes  acid.  (Wach.) 

2fMgO.SO')  +  2NU'.eP0»=  NH'.2Mg0.crO»  +  NH»,  SO"  +  S0». 

— 3.  A  salt  of  magnesia  with  phosphate  of  ammonia  mixed  with  free 
tniinonia, — 4.  A  salt  of  muguesiu  mixed  with  bicarbonate  of  ammonia, 
:';}.!  then  with  dipliosphutc  of  soda.  (Riffaull,  Ann.  C'/iim.  PJii/t.  19,  90; 
■  '  -V.  Tr.  7,  1,  202.) — a.  A  salt  of  maguc>>ia  mixed  with  diphosphate  of 
and  then  with  ammonia.  Graham  {Ann.  I'harm.  29,  25)  adds  to 
-.  of  hot  water  containing  200  grs.  of  ammonia,  350  grs.  of  ordinary 
tiillized  dipho.t:phate  of  soda,  100  grs.  of  sal.immouiac,  and  200  grs.  of 
iiiitc  iif  magmsla.  The  precipitate  grndu-ally  appears,  and  the  alka- 
hqiiiil  becomes  neiitnil  ;  if  the  ammonia  be  left  out,  the  same  jirecipi- 
i-i  obtained,  but  in  smaller  quantity,  and  the  supernat^int  liquid  bo- 
"'■iiH-n  acid.  The  precipitate  is  well  washed  with  cold  water,  pressed 
Ulwcen  blotting-paper,  and  dried  in  the  air  at  a  temwitsXwus  ol  \%^ , 
(OtrF.) 


'  'ii.i 
I  II,. 
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In  all  tbcee  case*,  the  salt  is  precipitated  ly  de^es,  and  the  prwipi- 
tstion  is  never  coniplefc  unless  an  excess  of  ibe  phospbale  is  present  la 
t!ie  anliitiou.  (Brrzelius.)  Tbo  salt  is  deposile<l  on  the  sides  of  tbe  glua 
Tessel,  especially  wbere  the  stirrintr  rod  has  scratched  it.  (WoHaston.) 

White,  sandy,  crvstJilline  powder,  or  translucent  four-aided  prismi, 
with  irregular  four-sided  summits.  Tasteless.  Parts  with  ammonia  evro 
at  ordinary  temporatares  on  exposure  to  the  air  (Pfaff);  when  dried  for 
several  days  in  vacuo  over  oil  of  vitriol,  it  loses  both  water  and  anmiom*. 
(Wacb.  .S'cAw.  r/J,  290.)  Heated  in  a  retort  to  100",  it  loses  10  atoms  of 
■water,  but  no  ammonia.  fGraham.)  When  strongly  heated,  it  lose?  all  iW 
ftmmonia  and  water,  and  is  reduced  to  a  powder  which  fuses  before  llio 
blowpipe  to  a  clear  glass  consisting  of  dipyropbos^hato  of  mapnesia.  Ui 
when  nil  tbe  water  and  ammonia  hare  been  driven  off  at  a  moderate  heat»' 
tbe  residue  is  suksequently  exposed  to  a  greater  degree  of  beat,  it  bccoui 
slijfbtly  incandescent.  (I.  107.)  If  the  residue  be  dissolved  in  nitric  aci' 
before  incandescence,  the  solution  gives  a  i/eUow  precipitate  with  uitrat 
of  silver;  but  if  it  be  not  dissolved  till  after  incandescence  has  tak 
place,  a  white  precipitate  is  obtained,  in  consequence  of  tbe  formation 
pyrophosphoric  acid.  (Berzelius.)  (Fourcroy,  Sys(.  lU  convnUt.  chim, 
208.)  The  ignited  residue  amounts,  according  to  Wacb,  (o  44'C  per  cent, 
according  to  Riffault,  to  47'47.'i ;  and  according  to  Lindbergson,  to  C2' 
per  cent.  It  contains  in  100  parts,  22'20  parta  of  magnesia,  according 
Lindbergson;  35-378  parts  (Riffault);  36(57  parts  (Berzelius);  37 
(Stronieyer,  Pogg.  11,  170);  and  39  to  43  parts  according  to  Pfaff.  Acconi 
iug  to  the  calculation  given  below,  100  parts  of  the  salt  yield  by  ignitii 
4J'3!l  parts  of  rcsitlue,  containing  35'fll  per  cent,  ol  magnesia,  aO' 
64'09  per  cent,  of  phosphoric  acid.  By  igniting  tbe  salt  with  cbarco; 
a  {KJrtion  of  its  acid  is  reduced  to  phosphorus.  Tbe  fixed  alkalis 
tbo  ammonia  free;  and  acids,  including  acetic  and  carbonic  acid  (Pfa 
Schw.  30,  431),  liissolve  the  salt  readily,  with  partial  decompositioi 
Tbo  solution  in  hydrochloric  acid,  evaporated  to  dryness  and  bea 
yields  a  sublimate  of  sal-ammoniac.  (Marcet.)  The  salt  is  insoluble  in 
water  which  contains  any  salt  of  phosphoric  acid  whatever,  but  is  slightly 
dissolved  by  pure  water  and  by  tbo  aqueous  solutions  of  other  sal 
(Ber«elius,  Pogg.  4,  275.) — IT  One  part  of  the  salt  dissolves  in  15,291 
parts  of  pure  water  at  ordinary  temperatures;  the  solution  mixed  wi 
ammonia  gives,  after  some  time,  a  distinct  cry.stalline  precipitate.  Oni 
part  of  tbe  salt  dissolves  in  44,330  parts  of  solution  of  ammonia;  in  7,548 
parts  of  chloride  of  ammonium;  and  in  15,027  parts  of  a  solution  of  chio', 
ride  of  ammonium  containing  free  ammonia.  (Fresonius,  Ann.  Pharm, 
109,  1845.)  t 

Wodi. 


i 


CMcuktion. 

(3.) 

(2-) 

oj 

NH»     

...       17  0 

6-93 

0  78 

7-15 

70| 

t«MgO 

...      400 

16-30 

16-24 

17-04 

17111 

BPO*    

...      714 

29-09 

28-36 

29-75 

29-851 

"ISHO  

...    1170 

47-68 

48-64 

4606 

4&-9U 

245-4       10000 

100-00 

100-00 

100-oi 

1 

Otto. 

RiSkult.  (4.) 

LindbnrKSon. 

J 

6-83 

13-88 

11 -(i5 

^ 

^^^k 

1IV28 

16-81 

14-00 

fl 

^^^K 

2812 

30-67 

48-9^^^ 

_^H 

■ 

48-77 

38-64 

.llfl^^H 

^H 

■ 

10000 

t*»- 

100-00          ^ 

jil^^^^l 

^H 
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.,      The  aalt  is  regarded  by  Grabam  as  NH'0,2MgO,cPO»  +  2H0  + 

tAq.  Tlie  oxide  of  ammoniurn  formed  from  tho  elements  of  ammonia  and 
»  atom  of  water,  constitutes  the  third  atom  of  baso;  and  of  tbc  other 
12  atonii)  of  water,  2  atoms  are  more  intimately,  and  10  atoms  less  inti- 
^tttcly  eonibiued.  From  the  analysis  of  Lindbergson  (Schw.  30,  437), 
^■rzeliuM  concludes  that  tbcro  likewise  exists  a  more  neutral  salt,  com- 
Hed  of  NH',MgO,PO»  +  4Aq.— and  obtained  as  a.  fine,  slowly  fallinff 
^■etalline  powder  on  mixing  warm  solutions  of  sulphate  of  magnesia  ana 
i^Lo«i]diate  of  ammonia;  but  according  to  Wacb.,  tliis  precipitate  has  tho 
composition  given  under  2.  According  to  Graham,  also,  thero  exista  but 
I  double  salt  composed  of  magnesia,  ammonia,  and  ordinary  phosphoric 
1.  Tiinncrmaun  (#.  7*^26,  1,  6J  supposes  the  exisleuce  of  oven  six 
Betiee  of  this  salt. 


Metaphospiiate  OF  Magnesia  and  Ammonia. — Hydrated  meta- 

phoric  acid  recently   ignited,  is  dissolved  in  ammonia — the    vessel 

Itaining  the  mixture  being  ki-pt  cool  with   water,    and   tbo  solution 

Ipd  to  that  of  sulphate  of  magnesia.     As  long  as  the  latter  continues 

ixcess,  the  precipitate  first  formed  is  redissolved ;  but  on  the  a<idition 

larger  (jiiantity  of  metaphosphato  of  ammonia,  it  becomes  permanent. 

precipitateji  the  portion   which   still   remains  in    solution.     An 

of  hydrochlorate,  nitrate,  or  acetate  of  magnesia,  which  gives  tho 

precipitate,  does  not  dissolve  it  so  readily. — Feathery  flakes,  uniting 

stringy  mass  like  turpentine,  which,  after  being  washed  with   water 

dried,  l>ecomes  transjwrent  and  brittle  like  glass.     Heated  in  a  glass 

it  swells   up  to  an   opaque  spongy  mass,  and  evolves  nothing  but 

er  »t  fir.<t,  but  afterwards  a  large  quantity  of  ammonia.     The  rcsidao 

her  becomes  incandescent  nor  fuses  at  tho  temperature  at  which  gliiss 

ens.      It  dissolves  with  difficullv  in   water,   forming  a  solution  wliich 

in  acid  reaction ;  it  is  but   sligfitly  soluble  in   acids.     The  undccom- 

double  salt  di&solves  somewbat  freely  in   cold  water,  but  is  jirccipi- 

on  the  addition  of  alcohol.     Tho  cold  solution,  which  exhibits  an 

reaction  on  vegetable  colours,  dcposiuj  the  salt  on  tho  ajiplicntion  of 

t,  in  a  mass  of  the  consist«nce  of  turpentine,  but  dissolves  it  again  on 

'ing.     In  boiling  water,   the  salt  swells  up  to  on  opaque  frothy  mau, 

IdoM  not  dissolve  to  any  considerable  extent.    (Wacb,  ikhui.  59,  297.} 

Calculation.  Wsrh. 


VW  .... 
4MgO 
4P0»  . 
18HO 


170 

800 

2H56 

1620 


Ufl9 
29-75 


3124 
11  193 
&3-5&2 
28'931 


544-6 


100-00 


100000 


|Tho  stoTchiometrical  relations  of  this  compound  do  not  correspond, 
'  to  those  of  a  metaphospbato  or  to  thoso  of  a  pyrophosphate. 

liT  H.  HvposuLPHiTP-  OP    Maonesia   and  Ammonia. — Prepared  by 
imposing  the  double  sulphate  with  hyposulphite  of  baryta  or  strontia, 
CDoliu"    the  fillnito   below    tho   freezing  point.      Very  deliquescent 
Jb.     The  formula  of  the  salt  is  NH'U,  MgO,2S"-0- +  CAq.   iKosa- 
J/'o^,  74,274.)  IT 

_.  ScLcniTK    OP   Macvp-iia    and    Ammonia. — When    magnesia    is 
plv«d  at  «  loir  (<?u^raturo  iu  an  at^ueoas  boWfiuu  ul  &vi\){V\Va  c>\ 
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aramuniii  (at  too  hlgli  a  temperature,  all  the  ammonia  U  expelled),  tlie 
douhle  suit  separates  from  the  solution  in  shining  crystals,  nearly  tasteless, 
and  but  slightly  soluble.  (Fourcroy  &  Vauqaeliu.) 

K.  SoLPnATE    OF    Marnesia    and    Ammonia. — Precipitated    as  s 
crystalline   powder,   on    mixiu<;  the  concentrated  soliitious    of  the  tw* 
simple  salts.     Crystallizes   in    larjte  tnin«iarcnt  prisms,  belonpinjf  to  thn 
oblii|ue  prismatic    system  (/''if/-  ^^)!  tojrether  with  the  I  and  U  »urfnc«; 
»■  :  u  oru'  =  104"  4.5'  (lOS"  Beudant);  i  :  a  =  l.')4=  40';  i  :  A  bactirardt 
=  \So-    40*;   •'  :/=  1 1.5°  30';   «'  :  «  =  lOD""   30*  (100°   Beud.inll;  u  :/ 
=  125°  l.V.  (Brooke,  Ann.  Phil.  23,  117.)    Sp.  gr.  =  1-721.  iThoin?oii.l 
Taste,  acrid  and  bitter.     The  crystals,  when  heated,  umlergo  the  s'jucoos 
fusion  and  are  decomposed.     At   132',  they  lose  all  their  water,  ciwpl- 
ing  the  one  atom  which  belong**  to  the  ammonia.  (Graham.)     They  are 
leas  soluble  in  water  than  cither  of  the  simple  salts  of  which  tlicyuru 
composed. 

Crygtallized,  according  to  Mitacherlieb. 

NH'    „. 17        ....  9-44 

MgO    20        ....  II  11 

2SO»   „ 80        ....  •«4-4.'i 

7110   63        ....  35-00 

NU<0,  S0»  +  MgO,  S<y  +  CAq.     180        ....         100-00 

L.  Chloride  of  Magsesiu.m  ani>  AMMoxinM,  and  HYDRocnLonAti 
OF  Magnf-sia  and  Ammo.ma. — NH'O,  2Mjr,3Cl  +  12Aq.  1.  Solutioi 
of  hydrochlorate  of  uia^ncf-ia  nml  uf  sal-ammouinc  mixed  toother, 
deposit  small  crystals  of  the  double  salt.  (Fourcroy.)  2.  Ammonia  aiMi 
in  excess  to  a  solution  of  protochloriJe  of  magnesium,  precipitates  exact  _ 
half  the  base.  (Pfaff.)  3.  Magnesia  shaken  up  with  a  cold  eolatiou  of 
sal-ammoniac,  dissolves  with  evolution  of  ammonia.  In  both  cases,  tbo 
above  compound  of  chloride  of  inagncsium  or  hydrochlorate  of  niatTiPsia 
with  sal-auiniotiiac  is  the  result. — Small  crystals,  belon:,'ing  to  the  obliiiue 
prismatic  system,  having  a  bitter  saline  taste,  and  soluble  in  C  parts  of  cold 
water.  (Fourcroy.)  When  dried  at  100°,  the  salt  loses  4  atoms  of  water. 
Fuses  when  ignited;  gives  off  water  and  sal-ammoniac,  and  leaves  chloridi! 
of  magnesium. 

M.  Nitrate  of  Magnesia  and  Ammonia. — Solutions  of  nitrate  of 

ammonia  and  nitrate  of  magnesia  deposit,  soon  after  mixture,  fine  nredlea 
bavins;  a  sliglilly  bitter  fn.ste.  Tlie-so  crystals,  when  suddenly  beiitcd, 
exhibit  iiu-aiulesceiice ;  but  if  the  tcnvperature  be  more  gradually  raided, 
they  fuf^e  and  evolve  oxj-gen,  nitrogen,  hyponitric  acid,  and  water,  leaving 
a  residue  of  magnesia.  They  attract  moisture  from  the  air,  dissolve  in 
10  parts  of  water  at  12'5°,  and  in  a  smallor  quantity  of  boiling  water. 
Magnesi.a,  with  the  aid  of  bait,  expels  ammonia  from  this  compound. 
(Fourcroy,  Aim.  C/iim.  4,  215.)  Since,  according  to  Pfatt",  an  excess  of 
ammonia  precipitates  from  neutral  nitrate  of  ningnesia  no  more  than 
one-third  of  the  magnesia,  the  salt  would  appear  to  contain  but  one  at'im 
of  nitrate  of  ammonia  to  2  atoms  of  nitrate  of  magnesia.  Graham  (.Inn. 
Pharm.  20,  18)  did  not,  however,  succeed  in  preparing  this  salt,  as  eac^ 
of  the  simple  salts  crystallized  seYttmleVy  ttom  vW  mixed  solution.  ■ 
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MaoNESIUM    and   PoTASSIfM. 


A.  Magnesia  and  Potasr? — Hydrate  of  magnesia  precipitateJ  by 
^ftA^li  retains  a  portion  of  the  alkali,  however  long  it  may  be  washed, 
ofater  dinsulves  out  n  compound  which  contains  more  potoish,  deposits 
■pcoesia  on  the  ajiplication  of  liciit,  and  then  reddens  turmeric;  but  the 
HaiiMolved  portion  always  retain*  a  small  quantity  of  potsish,  which,  by 
'•ssolving  in  nitric  acid,  evaporating  to  dryness,  and  i^aiitinj;,  may  bo 

Ened  as  nitrite  of  potash.  (Grouvclle,  Aiui.  Chim.  Phy».  17,  354.) 
I.  Cahdonatr  of  Magnksia  a.vh  Potash. — Deposited  afler  a  few 
,  ill  large  crystals,  from  a  cold  a(|ueous  mixture  of  hydrochlorate  or 
t<.»  of  magnesia  with  excess  of  bicarbonate  of  potash.  Tasteless  at 
5r»t,  fiiit  after  a  few  seconds  exhibits  an  alkaline  flavour.  At  100",  the 
bocome  opaque  and  lose  water.  \\'hen  strongly  heated,  they 
!  and  evolve  carbonic  acid  gas  in  large  bubbles;  after  ignition,  it 
mixture  of  magnesia  and  normal  carbonate  of  potash  remains.  Water 
diasolveij  the  crystals,  but  not  without  decomposition,  taking  up  bicar- 
bonate of  potufli  to;;ether  with  bicarbonate  of  magnesia,  and  leaving  an 
Inaoluble  residue  of  throe-fourths  carbonate  of  magnesia,  (fierzclius,  Ann, 
Chim.  JVii/s.  14,  370.)  The  portion  which  remains  undissolved  after 
digwtion  in  water,  is  tcr-hydrated  monocarbonate  of  magne-sia,  mixed 
with  (lie  pcnta-hydratcd  salt,  the  quantity  of  the  latter  being  greater  aa 
I  temj)erature  of  the  water  is  lower.   (Fritische.) 

C'rvbtallizeil.  Bemeliiu, 

KG     .„ „ 4r2  18-.1  ....         18-28 

a.MgO    400  15-6  ....         15-99 

^CC.™ _ 88-0  34-4  ....        :W49 

9HO 810  31-G  ....        31-24 

KO,2CO=  +  2(,MgO,CO=)+9Aq.  23G-2    ....  1000        ...       10000 

Another  double  carbonate  of  magnesia   and  potash   is   precipitated, 

kther  with  carbonate  of  magnesia,  on  adding  an  excess  of  carbonate  of 

Ish  to  the  s()lution   of  a  magnesia  fait,  at  a  temperature  below   the 

Bng  point.      It  is  but  slightly  .soluble  in  water,  and  crystallizes  from 

olution  in  small  grains.     If  the  temperature  is  raised  to  ebullition, 

carbonate  of  magnesia  is  alone  precipitated.  (Bonsdorff,  Attn.  Chim. 

U^t.  20,  12;  &  Pogg.  18,  126.) 

Be.  Borate  of  Magnesia  and  Potash? — From  an  aqueous  mixture 
^Bne  atom  of  borate  of  potash  and  2  atoms  of  hydrochlorate  of  mtigne- 
|i(  chloride  of  potassium  slowly  crystallizes  :  the  syrupy  mother-liquor 
mlidifioii  iu  a  crystalliuo  moss.  (Rauimelsberg.) 

^B).  HvpositLPinTE  OF  Magnesia  and  Potasu. — The  mixed  solution 
^Bie  two  salts  in  equivalent  proportion  yields,  on  evaporation,  a  crys- 
^Kie  mass,  which,  by  rinsing  with  water  and  recrystallization,  may  bo 
iRfied  from  excess  of  the  more  soluble  }iotash-salt.  The  crystalline 
Um  docs  not  lose  water  over  oil  of  vitriol  in  vacuo  ;  when  exposed  to 
^■•ir,  it  rapi<ily  attracts  moisture.  (Rutnmelsberg,  Pogg.  56,  3U4.) 
^ftisnd  deposits  sulphur  even  below  100\  (Kesslot.') 
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L                                                     Calculatioa.  Bsmndsberg.  ■ 

I  KO,„..^.  472      ....        2ir3  ....            21-42                   I 

L  MgO   -..  20-0      ....          {I-2I  ...              9-31                   ■ 

^K  SSKfi  ....  960      ....        H-2(i  m 

^H  6HO  &40       ...,         24  B6  ■ 

^H  ....       100-00  I 

E.  StlLPnATE  OP  M,\OKE«U  AND  PoTASII. — FouDtl,  according  to 
Marcet,  in  sea-water;  also  in  tbo  mutber-liqiior  of  the  Liineliurg.  .iiif 
Scbfioebeck  springs.  (Biipcli,  Herm.ann,  Br.  Arch,  28,  257  and  ■:'•) 
Formed  by  evaporatinf,'  tiie  mixed  soliilions  of  tbc  two  simple  salt*  to  .iiO 
crvstalliziiig  point.  Hydrated  crystals,  isoniorphous  with  tboi«  of  tiie 
double  sulphate  of  magueaia  ana  ammonia.  {Fi^f.  84.)  i  :  u*  or  u  = 
102'  20' ;  i  im—  105°  8' ;  <  :  a  =  1 54°  30* ;  »'  :  /=  1 16=  4.j' ;  «'  :  «  = 
108' 45*.  No  plane  of  cleavage.  (Brooke,  J nn.  /"Ail  22,  41.)  LoH-all 
it«  water  of  cryslttUiiation  a  little  above  132^  (269'6°  F.).  (QraLau) 
Soluble  iu  water. 

Cryitallized,  acconling  to  Mitsdierlich. 

KO- „...       47-2         ....  2346 

MgO  „ .....,„.„„.      20-0        ....  S-94 

2S0»  „ 800        ....  39-76 

flHO  _ 540        ...  2B84 

K0.SO>  +  MgO,S0"  +  6Aci.     2018         .        10000 

According  to  Pfaff  and  Van  dcr  Smissen  {S<J"p.  45,  3S0),  »inlp1i;iii   "' 
IMtash  united   with   the  sulphate  of  magnesia  in    different   pruporlnnr, 
giving  rise  to  differently  formed  crystttls.      Thus,   Link   obtained  l"iii 
prisms  wbicb  crumbled  in  the  air;  BerthoUet,  permanent  rbombohedr 
crystals. 

F.  Hydr.ited  Bromidg  of  MAONEstrM  and  Potassiu.m.  or  Hvnn 
BROMATE  or  MAGNiisiA  A.Ni)  PoTASii. — A  diliite  uiiueous  mixture  of  I 
two  einipie  (.alts  evaporated  in  the  air,  yields  large,  trausjwirent,  rig 
rhombic  prLi^ms  having  a  cooling  bitter  taste,  like  tliat  of  borax;  thfl 
are  permanent  in  the  air.  When  heated,  they  fuse  iu  their  own  water  i 
cryetallirjitioa.  Alcohol  sejiaratcs  the  bromide  of  magnesium,  leaving  i 
bromide  of  iwta&sium  unacted  on.  The  crystals  are  very  soluble 
water;  the  solution  evaporated  lietween  75"  and  87"  (1^7"  to  1(<8'6'  FJ 
deposits  crystals  of  biomide  of  point>sium,  and  retains  the  bromide 
magDecium  in  eolation.  (Lbwig,  Hepert.  29,  261.) 

Crystjtilizcd.  Luwig. 

K. 39-2            14-96  ...  15-65 

Mr 12-0              4-58  ....  4-70 

2Br  156-8            59-85  ....  58-60 

6HO   „ S4-0            2061  .  .  21-05 

I  KBr,  MgBr  +  6Aq.  2620    ....  10000        ...        100-00 

I  0.  Htt>rated  Chloride  op  MAOJfEsirM  asd  Potassipm,  or  Hr- 
DHocnLoiiATE  OF  Maonfjsia  a.nd  Potasii. — Crystallizes  from  the  la^ 
mother-liquor  of  sea-water,  by  careful  evaporation,  in  rhombohedral  crvM 
tals  (Marcet),  and  from  the  motlierliquor  of  the  Sulrh.iusen  spriajfl 
during  the  cold  of  winter,  in  irregular  octobpdr<«ns  witb  frnni'af<>d  v>>rtio<|l 
(Licbig, /TdJ^i.  yf»-(-/i.  J),  316.)     It  deliouc^'  t  ■■ 

tioD  o(  ii^drocUonile  of  magttodia,  while  c  '^l 
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undissolved.  (Liebig.)  Alcobol  also  withdraws  liydrocblorate  of  magne- 
a!a  from  the  crystals,  leaving  chloride  of  potassium;  they  are  also  resolved 
into  the  two  siuiple  Nulls  by  solution  in  water, 

CrystallucJ.  Or :  Liebig. 

K _ 39-2         1413        KO 47-2  1701  ....  16-30 

2M(r 240           8-65  2MgO  ...  40  0  1442  ...  1405 

3CI 100-2        38-29  3HC1     .  109-2  3937  ....  37-65 

12UO  _ 1080        38-93  9H0   ....  810  2920  ....  3001 

KCI,  2M«a -<- I2Aq.    277-4      10000  277-4      lOO  00    ..„      9801 

Maqkesiubi  akd  Sodium. 


A.  Magnesia  and  SooAf — Similar  to  the  compound  of  magnesia 
and  potash.  (Grouvelle.) 

B.  Carbonate  op  Magnesia  and  Soda. — a.  An  aqueous  solution 
of  the  hydrochlorate  or  nitrate  of  magnesia  mixed  with  excess  of  bicar- 
bonate of  soda,  yields  crystals  similar  to  those  obtained  with  bicarbunato 
of  pota.«h,  but  not  so  easily  decomposed  by  water.  (Benelius.) 

b.  When  ft  magnesia-salt  is  precipitated  by  carbonate  of  soda  in  excess 
(the  liquid  being  h&ated),  a  coarse-grained  compound  is  formed,  con- 
sisting of  100  parts  of  cnrlxmaf^  of  magnesia  with  26  parts  of  carbonate 
of  soda,  and  sliglitly  soluble  in  water  as  a  whole,  without  separation  of 
the  soda-salt.  (.Mosaiider,  Puff;/-  5,  50,5.)  If  the  carbonate  of  magnesia 
in  the  compound  is  decomposed  by  ignition,  the  carbonate  of  soda  may 
then  be  dissolved  out  by  water.  (Berzelius,  Lehrb.  4,  31 1.) 

Magnesia  ignited  with  2  parts  of  carbonate  of  soda,  forms  a  white, 
opa^fiie,  friable,  and  ill-combined  mass.  (Morveau.)  Perfect  combiuatiou 
does  not  take  place  even  in  the  blowpipe  flame. 

C.  Borate  op  Maqntsia  and  Soda. — A  cold  aqueous  mixture  of 
8ul|diate  of  magnesia  and  borax  deposits — after  standing  for  some  months 
•^first,  needles  of  bor-.ito  of  m.ignesia  (III.,  231,  b.),  and  subsequently, 
double  borate  of  magnesia  and  soda  in  largo  transparent,  colourless, 
shining  crystals,  belonging  to  the  oblique  prismatic  system,  (VVohler, 
Pog<;.  28,  52C.)  With  3  parts  (2  At.)  of  borax  to  one  part  (1  At.)  or 
2  iMirLs  (2  At.)  of  sulphate  of  magnesia,  borax  crystallizes  out  first,  and 
then  the  double  salt ;  a  syrupy  liquid  remains,  mixed  with  crystals  of 
sulphate  of  soda.  [With  equal  jiarts  of  borax  and  sulphate  of  magnesia, 
bomx  also  separates  first.]  With  3  parts  (one  At.)  of  borax  to  -1  parts 
(2  At,)  of  eulpliato  of  magne.siji,  a  large  quantity  of  the  double  salt  is 
formed;  the  mother-liquor  still  retains  portions  of  the  double  salt,  since 
it  becomes  turbid  when  heated;  and  also  sulpliate  of  magnesia,  since 
potash  gives  a  precipitate,  (Ranimcl.sberg.)  If  tho  double  salt  were 
composed  of  NaO,  2B0'  -|-  2(MgO,  2B0'),  the  following  interchange  of 
elements  might  be  supposed  to  take  place : 

3(NbO,2BO')  +  2MgO,SO'  =  Ni>0,2B0»  +  2(MgO,  2BOiO  +  2(NnO,SO'); 

since,  however,  according  to  Rammelsberg,  tho  double  salt  contains  ono 
atom  less  of  borocic  acid,  one  atom  of  that  acid  must  bo  set  free,  or  a, 
different  compound  must  bo  produced. — Large,  liighly  lustrous,  oblique 
rhombic  prisms.  Fiy.  119  with  tho  A-faces;  u  ;  u'  =  85°  30';  a  :  a'  = 
80".  (Rammelsberg,  Pofftf.  49,  451.) 
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CrystaUiied.  Rammdtberg.     Wtihltr. 

NiO 31-2  COC  ...         6U 

2MgO    <00  /'/G  ....        8-14 

6BO' 174-0  3S-77  ...       34-35 

30HO    2-00  52-41  ....      5107      .  .      525 

515-2     ...  10000      ....     10000 

Tlie  crystals  effloresce  slightly  in  llie  air.    (Raiiiiuclsbcrg.)    Wh« 
heated,  tL«y  lose  water  and  swell  n[),  but  less  strongly  than  borax.    Titt 
ignited  mass  redissolves  nimost  entirely,  though  very  slowly,   in  col* 
water;   the  insoluble  residue  appears  to  be  triborate  of  magnesia, 
crystal  thrown  into  boiling  water  becomes  opaque;  and  if  it  be  t»k 
out  inuuediately,  before    it   is  reduced   to  powder,  it<i  interior  is  fi>a 
to  contain  u  tenacious,  stringy  mass.     The  salt  is  .about  .-is  soluble 
cold   water  as   borax;    the   solution  is  not  precipitated   by  ammonvl 
when   heated,    it   becomes   turbid,    and  deposits    triborate  of  mngae 
M'liich    however   is   again    completely   dissolved   on   cooling.     When 
sedation   of  100  parts   of  the    crystals  is  boiled  for   half   an    hoar  al 
filtered  boiling  hot,    the   precipitated  borate  of  magnesia,  after   beil 
washed  and  ignited,  amounts  to   9-8  parts.     The  tiltrate,  after  orapoe 
tion,  deposits  a  crystalline  moss  of  salt  which  has  no  alkaline  rcactio 
and  yields  free  boracio  acid  when  dige.sted  in  alcohol.  (Wohler.) 

Hydrate  of  magnesia  also  gives  with  solution  of  borax  a  solutiq 
which  becomes  very  turbid  on  the  application  of  heat.     When  magoe 
is  dissolved  in  a  boiling  aqueous  solution  of  boracic  acid,  and  borax  aftc? 
wards  added,  the  mixture  likewise  gives  a  precipitate  every  time  it  L-S 
heated,  and  the  precipitate  ag.iin   disappears  as  the  liquid  cools 
liquid  after  evaporation  deposil.-,  small,  difficultly  soluble  crystals,  pa 
eessing  characters  similar  to  those  of  the  above  double  salt.  (Wohler.) 

By  allowing  an  aqueous  mixture  of  borax  with  excess  of  sulphate 
magnesia  to  evaporate  spontaneously,  Gmelin  obtained  large,  transpareo 
irregular  tetrahedrons,  consisting  of  sulphuric  acid,  boracic  acid,  magne 
and  soda;  a  cold  aqueous  solution  of  these  crystals  was  rendered  turh 
by  heat,  and  became  clear  again  on  cooling ;  the  author  regarded  them  i 
a  quadruple  salt.  {Sc/iw.   15,  2G1.)     Later  experiments,  however,  co 
vinccd  him  that  they  were  really  crystals  of  sulphate  of  magnesia  (f 
12).  with  the  //-surfaces  yiredominating — which  would  produce  a  telr 
dral   form — and  contaminated  with  borate  of  magnesia  and  soiia. 
repeated  crvstallization,   the  crystals  were  obtained  free  from  bora 
acid  and  soda.     Those  obtiviued  with  excess  of  borax  doubtless  consists, 
of  borate  of  magnesia  and  soda,  contaminated  with  sulphate  of  niaguwi) 
A  mixture  of  chloride  of  magnesium  and  borax  also  becomes  turbid  whfl 
heated,  but  does  not  recover  its  original  transparency  on  cooling. 

One  part  of  magnesia  ignited  with  2  parts  of  borax  forms  a  har 
translucent,  milky  glass.  (Morveau.) — Before  the  blowpipe,  magnea. 
behaves  with  borax  like  lime;  but  the  compound  ia  not  so  much  incline 
to  become  crystalline.  (Berielius.) 

If    D.  PvRoPDospiiATE  OF  KIagnesia  AND  SoDA. — Prepared  like  the 
baryta-salt.     Contains  between  0-9  and  11-8  per  cent,  of  soda.  (Ludwig.^^ 

E.     METAPHospnATE  OP   Magnesia    am»  .Soda. — Discovered   rcc9^ 
dentally  by  Gregory  in   the  ])reparyliou  of  phosphoric  acid.     Insoluble 
in  hydrochloric  acid  and  aqua  re;.'i8,  but  di-.^cilveJ  liv  nvncentrated  su 
phuric  acid.     Composed  of  S  (MgO,  PO')  -r  Maddrell,  Men 

C/iem.  6'oc.  London,  3,  273,  1848.)  H 
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Maznesia  unites  on  ignition  with  2  pnrta  of  pboepliate  of  soda  and 

[imonia,   fonning   a  white,   sliglitly    vitrofied    substance.     (Morveaii.) 

efore  the  blowpipe,  matfncsia  readiiy  dissolves  in  phosphate  of  soda  and 

imonia,  forming  a  clear  bead,  which,  when  not  saturated  with  magnesia, 

nes  milk-white  by  interrupted  blowing;  but  if  it  be  saturated  with 

Heeia,  the  milkiness  does  not  appear  till  it  cools.  (Berzelius.) 

F.    Sdlphatr  op  Magnesia  and  Soda. — IT  Prepared  by  mixing  the 
salts  in  eqnivalent  proportions,  and  evaporating  the  mixture  at  a 
iperatore  of  .50".     The  salt  crystallizes  in  combination  with  4  atums 
water.'^^Arnott,  Phil.  Mag.  3,  24,  502.)  ^     Forms  prisms  having  a 
Iter  taste,  and  crumbling  to  powder  when  exposed  to  the  air.  (IJiik, 
X7rrll.  Ann.  1700,  1,30.)     Transparent,  tolerably  regular  rliombohedrons, 
jrith  trniicatod  edges  and  summits;  bitter;  permanent  in  the  air;  when 
kted,  they  decrepitate  without  fusing;  soluble  in  3  parts  of  cold  water, 
lurmy.) 

.Ajibydnnu.  Link.         Murray, 

NaO.SO" 71-3     ....       54-3     ....       454     ....       55 

MgO.SCy 60-0     ....       ■15-7     ...       54-6     ....      45 

N«O.SO'  +  MgO,SO»  131-3     ....     1000     ....     1000     ...     100 

Crystallized.  Murray. 

NaO.SO' 71-2        ....  3844  ....  39 

MgO.SO»    ....        60-0        ....  ;)2-40  ....  32 

6HO 54-0        ....  29-16  ....  29 

+  6Aq 185-2         ....         100-00        ....  99 

i.G.    Chloride  op  Maonesidm  and  Sodium. — Poggiale   {Compt. 
20,   1 180;  also  Ann.  Plutrm.  56,  243)   mentions  a  compound  of 
bloride  of  luagnesium  with  chloride  of  sodium,  the  formula  of  which  i8 
l»Cl2MgCl  +  2110.  t 


Maonebium  and  Barium. 

Magnesia  with  Baryta. — a.  The  two  bodies  ignited  together  in 
i|aal  weights  yield  a  colourless,  irregular,  shining  mass.  (Morveiiu  ) 

b.  Hydrate  of  magnesia  precipitated  by  baryta  contains  about  4  per 
ent.  of  baryta.  (Grouvclle.) 


Magnesium  and  Calciu.m. 


A.  Magnesia  with  Lime. — Equal  weight.'!  of  the  two  substances 
Dito  on  ignition,  and  form  a  while,  scmi-vitrelicd  mass.  (Morvcau.) 

B.  Carbonate  of  MACNEtiiA  and  Lime. — Found  in  the  mineral 
nagdom  us  liitttrspar,  Mitnnil'',  Doloinitf,  find  Kitter-lnlk.  Obtuse 
Wuboh«.'drou«.   Fii).   141;  /^  :  t-*  =  100°  Jj'  (Malus);   lOT'  2-2' (Mohs): 

n.  =   2-884   (.Mobs).      5   Kiilni  (^Ann.    I'hann.  50,   303)   liescribes 
BtD«r  native  compound  of  this  nature  under  the  name  of  Tluirnndite, 
kd  aUo  viirietics  of  Diiter-spar,  of  a  brownish-white  colour  and  fibrous 
cturc,  from  Bilin.  IT 
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,                                     Ctlnilation.             Bitter  lyar. 

jgHliln*     „....^     50-0         54-35       ...         52-0 

V^^C^   420        45-65      ..„        450 

Forejpn  DuUten  3-0 

KlapraUi. 

Dolamilt. 

S2-00 

46-50 

0-75 

Dtktmii. 

...      M 
45-t 

C«0,CO-  +  MgO.CO'    92  0 

100-00 

.  .       100-0 

Kulm. 

99-25 

-.  im 

C«0.  CO". 

TkaraHtiilt. 

54-76 

42-10 

419 

65-8-1 

10-39 

5-53 

MgO,  CO>. 

FcO,CO». 

101-05  -  -  101-76 
HuiT  Tarietios  of  Bitter  8par,  as  that  of  Gubrbofian,  condst  of '■ 
S(C»0,  CO'i  +  (MgO, CO';  otber  varieties,  includini:  Uolomite.  W 
represented  by:  3(CaO,  CO')  +  2(M^.  CO').  Tbc  formnlafor  Cuoile 
is:  CaO,CO=  4-  3(.\1?0,  CO');  that  of  Tbarandite:  CaO.  CO'  +  MgO, 
CO';  and  that  of  Bitter  spar  from  Bilin :  5  (CaO,  CO')  +  AlgO,  CO',  i 

C.  HvDRATED  Borate  op  Magnesia  and  Ltme. — Exists  in  natoreH 
Hydroboracite.  White,  transparent,  of  radiating  foliated  structure;  specific 
gravity  about  1-9.  Fuses  readily,  with  considerable  loss  of  water,  to  »J 
clear  glass,  imparting  at  the  same  time  a  greeni-sh  colour  to  the  blowpipal 
flame.  Yields  borate  of  magnesia  to  builincr  water,  imparting  to  it  »" 
alkaline  reaction.  Very  soluble  in  warm  hydrochloric  acid.  (Iless,  P<i^' 
31,  49.) 


Cttlfiilnlirto. 

HCH. 

c»o 

280                    13-57 

13-74    —     13-30 

MgO. 

200        ....          9-69 

10-71     —     10-45 

3B0» 

104-4         ...        50-58 

49-22     —     49-92 

6H0- 

540         ...        26-16 

26-33     —    2«i-33 

206-4 


100-00 


100-00 


100  00 


The  formula  given  by  He*s:  3CnO,  4 BO*  +  3MgO,  4B0»  +  9  [IS]  A(J.' 
does  not  accord  so  well  with  bis  own  analysis. 

D.  Nitrate  or  Maqke«ia  amd  Lime.— On  mixing  concentrated 
Bolntions  of  nitrate  of  magnesia  and  nitrate  of  lime,  a  very  insoluble 
double  salt  is  deposited,  (BerginaD.) 

E.  A  mixture  of  212'8  parts  (4  At.)  of  dry  «j»*e>n«/<!  o/$oda  and  92 
parto  (1  At.)  of  dolomite,  fuses  completely  at  a  red  heat,  and  solidifiN  on 
Cooling  to  a  clear,  homogeneous  nias.s  of  laminated  crystalline  fractare. 
If  a  very  strong  heat  be  applied,  carbonic  acid  is  evolved  ;  and  with 
smaller  proportionof  carbonate  of  soda,  thisefl'ect  takes  phuse  as  soon  lu  i' 
mixture  begins  to  soften.  (Berthier,.ilnn.  Chim.  Phyt.  38,  249.) 


Magnesium  and  MAGNEsnnn. 

Wagnerite  is  a  compound  of  basic  phosphate  of  magnesia  with  fluorid 
of  magnesium.  (Fnchs,  Scliw.  33,  269. )     IT  Its  fonnula  is  MgF  +  SMgf 
PC*;  it  also  contains  a  small  ((uantity  of  jirotoxiile  of  iron,  replacii 
magnesia,  and  traces  of  silica,  lime,  and  alumina.  (Rammelsberg,  P& 
64,  251  and  -103;  Ann.  Pharm.  50,  210.)  T 

Magnesium  likewise  combines  with  mercuir^ 
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Klaprotli.     Oehroit.     A.  Gekl.  2,  303. 

&  Berrelius.     Osides  of  Cerium.     A.  Gekl.  2,  397. 
If.     Cerite.     A.  Geld  3,  18!). 
uuj,-K'r.     CVrium  and  Iho  Oxides  of  Cerium.     Ann.  Chim.  89,  SOO;  also 
Srhw.  19,  54. 
HiMiiscr.     Oxides  of  Cerium,     Schtp.  17,  424;  also   Ann.  Chim.  94,  108. 
Thoinson.     Gill>.  44.  123. 

hu  &  Bcrxeliiig.     Separation  of  Cerium  from  Yltria.     Sehw.  IC,  248. 
osander.     M.'tallio  Cerium  and  its  Sulpliido.     Berzeliun,  Lehrb.  182( 

2,  416;  also  Ka»ti).  Arch.  10,  470;  and  Po<jg.  11,  406. 
ringer.     Cerium  and  Ceric  oxide.     Ann.  Pliarm.  42,  1.34. 
tXis.     On  PiiospLoeerite,  and  on  the  idcparution  of  Cerium,  Lanthanum, 
and  Didymium.     Qh.  J.  ofClum.  Soc.  2,  131. 


Cerer,  Ccrtrium,  Cirium. 

nUlory.     Tlio  oxides  of  Cerium  were  discovered  in  1803,  eimulta- 
ouely  by  Klapruth  and  by  Hisinger  &  Berzeliua. 

Sonrct*.     Very   rare :    occurs    in    native  carbonate  of  protozido   of 

eriam,  in  Edwnrdsite,  and  in  Monazite  (phosphate  of  the  protoxide);  in 

ICfyptoliteand  !'hoq>ho-corite;  in  the  neutral  and  basic  fluorideK  uf  cerium, 

nd  in  Vttro-cerite — with  silica,  itc,  in  Cerite,  AUanite,  Oitbite,  Pyror- 

liile,  and  Gsdolinite — with  titanic  acid,  ice,  in  yKschiiiitc,  Mosandrite, 

ftnd  Polyniii^nile — with  tantalic  acid,  &c.,  in  Euxeuite,  Fergubouite,  ouU 

?yroclilurite — uleu  in  Mikrulite  and  T«chewkiuite. 

Preparatwn. — 1.  Chloride  of  cerium  free  from   protoxide  and  from 

■'Water  ia  decomposed  by  jiotassium,  with  the  aid  of  heat,  and  the  chloride  of 

DttMiam  formed  is  dis^nlved  out  by  alcohol  or  water.  (Mosander.)     To 

iibtein  pure  chloride  of  cerium,  dry  chlorine  ga^  is  passed  over  Hulphide  of 

levrium  contained  in  a  glass  tube  about  ten  inches  long;  and,  when  all  tho 

lir  liaa  liecn  driven  out,  the  tube  is  heated  in  the  flume  of  a  spirit  lump 

lill  decomposition  commences  with  incandescence,  which  then  coDlinncs 

ritliout  further  upplicution  of  hetit  to  (he  tube.     When  tho  action  liaa 

eaced,  the  chloride  of  sulphur  is  expelled  from  tho  tube  by  hcnting  it  in 

I  current  of  chlorine  gas,  aud  the  chlorine  driven  out  by  a  current  of  dry 

pydrogi^u  gOB.     A  piece  of  putasaium  is  then  put  into  tho  ucarer  vud  of 
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the  tube,  &nJ  be&t  applied — gently  at  firrt — the  current  of  hydrofeal 
being  constantly  kept  up,  in  order  to  drive  out  the  vapour  of  nick-ail  1 
ndhering  to  the  putassium.     Afterwards,   both   the   potassium    and  tke  I 
[chloride  of  cerium  near  it  are  heated  more  strongly,  so  that  the  potajssiuB  I 
pvapour  taken  up  by  the  hydrogen  may  be  carried  over  to  the  chloridt)  of  I 
cerium.     Decomposition  then  takes  place,  attended  with  gentle  ignitioo;  I 
but  if  the  potassium  is  too  rapidly  volatilized,  the  mass  becomes  viviillr  1 
incandescent,  and  slight  explosions  are  produced.    As  often  as  the  su]flj  I 
of  potassium  is  exhausted,  a  fresh  portion  is  introduced,  after  the  tube  ku  I 
■cooled;  and  the  operation  ia  continued  in  this  manner  till  the  potassium  I 
rrapour  passes  through  the  tube  unchanged.     When  cold,  the  tube  is  cut  I 
ID  two,  so  that  the  carbona«?ou3  residue  from  the  pota.s-'iuni  may  not  mix  I 
with  the  cerium.     From  the  dark-brown  mass  thus  produced,  the  chlotiilc  I 
of  jMitnssinm  is  dissolved  out  with  alcohol  of  specific  gravity  OSo  ;  wi  1 
the  cerium  rapidly  washed  and  dried.     If  the  ma«s  is  exhausted  wiib   I 
water  instead  of  alcohol,  it  evolves  hydrogen  gas;  and  a  portion  of  hydr«t«<l  I 
protoxide  of  cerium  is  formed  which    remains  mixed  with  the  cerinis-  I 
Chloride  of  cerium  containing  protoxide  yields  no  metallic  cerium  whoo  I 
acted  upon  by  potassium:  the  operation  likewise  fails,  if  the  cLloriiJ*  I 
retains  a  small  quantity  of  water;  in  the  latter  case,  potassium  gives  riio  I 
to  an  explosive  action,  and  the  residue  contains  a  mixture  of  chloridt  I 
and  protoxide  of  cerium.   (Mosander.) — 2.  Chloride  of  cerium  prcpandV 
with  sal-ammoniac,  (according  to  the  second  method  p.  270,)  is  decompofoi  I 
by  potassium  or  sodium  without  incandescence.     A  globule  of  sodium  it  I 
[introduced  into  the  closed  end  of  a   strong  glass  tube — then   a  snitUfl 
■  quantity  of  chloride  of  cerium — upon  this,  another  globule  of  sodium — andl 
80  ou.     The  tube  is  heated   in  a  charcoal  fire,  till  it  begins  to  eoften^l 
then  allowed  to  cool,  and  afterwards  divided  into  several  picc^-s.    These  aisl 
thrown  into  a  glasd  of  cold  water;  ami  the  cerium,  which  falls  down  u  tM 
heavy  grey  jiowder,  repeatedly  washed  with  cold  water  free  from  carbonia 
acid.     The   flakes  of  oxidized  cerium   formed  during  this   process  arttl 
removed  by  clutrialion;    and  lastly,  the  pure  cerium    is   washed  withg 
alcohol  and  rapidly  dried.  (Beringer.)  I 

Ceric  oxide  exposed  in  a  charcoal  crucible  to  the  strongest  beat  of  fli 
bla^t-furnace,  yields  no  metal,  but  only  protoxide  of  cerium.  (Moeanded 
Beringer.)  ■ 

Vauquelin,  by  heating  tartrate  of  protoxide  of  cerium  to  whiteness  iol 
a  charcoiil  crucible,  obtained  an  alloy  of  cerium  with  iron,  in  small  whitM 
metallic-looking  grains,  harder  and  more  brittle  than  cast  iron,  and  of  ■ 
laniellated  texture.     The  quantity  was  bo  small  as  to  lead  Vauquelin  to 
suspect  that  the  greater  part  of  the  cerium  had  been  volatilized ;  this  pro- 
perty of  the  metal,  which  W!i.s  questioned  by  Sir  H.  Davy  and  LaugierJ 
appears  to  bo  confirmed  by  Thom.son  and  Children  (Aiut.  Fhil.  2.  147j 
also  Sdiw.  13,   108),  who  completely  vohitilized  oxalate  of  cerium  bi 
exposing  it  in  .•»  charcoal  crucible  to  the  heat  of  a  blast-furnace. 

By  igniting  fonniato  of  protoxide  of  cerium  in  a  glass  tube  before  tbfl 
blow|>ipe,  Gobel  {Sc/iw.  G7,  78)  obtained  cerium  contan)inated  with  but  i 
small  oiiantity  of  protoxide.  It  formed  a  steel-grey,  coherent  mass;  and 
was  reduced  by  trituration  to  a  grey  powder,  which,  undtrthe  burnishing- 
stcel.  .iciiuired  metallic  lustre  here  and  there.  It  was  not  soluble  in  hutt 
hydrochloric  or  nitric  acid,  but  dissolved  in  acjua  regia.  According  Ud 
Eieringer,  this  metiiod  yield.s  no  metal  whatever.  I 

Clarke,  with  his  oxy- hydrogen  blowpipe,  obtained  a  very  hard  bead,  o|j 
the  colour  of  iron.  | 
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Propertif*.  Grey  powder,  resembling  pulverized  spongy  platinum ; 
icouirca  metallic  lustre  under  the  Imrnishinnr-steel.  (Ucringer.)  Dark 
TKldisli-brown  powder,  wliicli,  under  tbe  bnrnisliing-stcel,  ac<juire8  a  dull 
tuetallic  liidlro  and  greyisb  colour.     The  powder  assumes  a  more  decided 

•colour  in  pro)>ortion  to  tlie  ipiantity  of  protoxide  and  osycbloride  of 
wbicb  it  contains.  (Mosander.) 

Alotiiic  weii/hl  of  Cerium:  46'16  (Beringer);  45-8  (Rammelsberg); 
I6-0  (llemiann);  47"26  (Um'ignAc,  Arch.  J'L  J^at.  8,  265;  Ann.  P/uirni. 
■^   112).  5 


Compound*  of  Cerium. 

Cerium  and  Oxvqen. 

A.     Protoxide  of  Ceriitm  or  Cerovs  Oxide.     CeO. 

ydul,Cereroxydu} ,  While  Oxide  of  Cerium.  (Klaproth'a  Odiroit-erde.) 

turn.  Cerium  decomposes  cold  water  very  slowly,  and  like  nian- 
_  _  M;  canses  an  evolution  of  livdrogen  gas  baving  a  foetid  odour;  lienco 
it  emits  a  disagreeable  smell  wlieu  exposed  to  the  air.  Water  at  90^  or 
JOO"  degrees  is  decomposed  by  it,  with  rapid  evolution  of  gas.  (Mosander.) 
The  product  of  this  action  is  hydratod  ceroao-ceric  oxide.  (Beringer.)  [or 
Tather,  perhaps,  bydrated  cerous  oxide,  which  is  raised  to  a  higher  degree 
of  oxidation  by  the  oxygen  of  the  air?]  Cerium  dissolves  nipidly  in 
addit,  oven  when  very  dilute,  hydrogen  gas  In-ing  evolved  and  a  cerous 
salt  funned.  It  likewise  evolves  Iijdrogcn  with  oil  of  vitriol,  though  much 
more  abundantly  on  the  addition  of  water.  (Mosander.)  Sesquioxide  of 
rcriuin  exposed  in  a  charcoal  crucible  to  the  strongest  liciit  of  a  wind- 
furnace,  bake.t  together  to  a  mass  of  protoxide,  which,  under  the  micro- 
MO{)C,  cxliibit.s  sm.ill,  yellowish,  tran.spnrcnt  particles.  (Beringer.)  Cerium 
in  not  re<luccd  to  the  metallic  state  from  any  of  its  oxides  either  by  cbar- 
',  at  the  heat  of  a  bliu-<t-furnace,  or  by  hydrogen  gas  mixed  with  potas- 
\  vapour  at  a  strong  red  heat.  (Mosanaer.) 

Calcalotion,  according  to  Uisingcr. 

Ce    *6         ....         85-10 

0 8         ....         U  81 

CeO.. 54         ....       10000 

CcO  =  574-7  -t-  100  =  674-7.     (BcneUai.) 

Jomhinaiions.    a.  With  water.   Hydrate  of  Protoxide  of  Cerium. 
tATi£D  Cerous  Oxide,  Cerous  Hydrate. 

preparation,     a.  From   Ceritr. — 1.  Klaprotli   boils  powdered  cerite 

I  5   parts  of  aqueous  hydrochloric  acid  ;  evaporates  the   solution   to 

IM8  in  order  to  separate  the  feilica;  redissolves   in  water,  neutralizes 

ll«  filtrate  oxactlv  with  ammonia;  then  throws  down   tbe  sesquioxide  of 

fith  succinate  of  ammonia;  filters,  and  precipitates  tbe  liydrntcd 

pa  oxide  by  ammonia. — 2.  Hisingcr  it  Borxcllus  ovapornte  to  dryness 

Intion  of  calcined  cerite   in   nijua  regia;  exhaust   the   residue   with 

precipitate  the  filtrate  by  aiumonia;  diisolve  tbe  washed   precijji- 

in  nitric  acid;  neutralize  the  liquid  with  potash,  and  throw  down 

to  of  cerium  by  tho  addition  of  neutral  tartrate  of  potash.     TUo  tut- 
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trate    of  coriura,  aftor  hcing  wiuhed  And  dried,  and  tbeo  ignited  in  ft 
covert'il  crucible,  Icavpg  a  residue  of  cemso-ceric  oxide,   from  which,  ^T 
digesting  in  an  acid  and  precipitnting  with  nnimoDia,  the  hydrate*!  prtv 
t«xide  niiiv  h«  ol>taini"«l. — 3.   Bcmdius  evaporales  t«  dryness  a  solution  j 
of  ignited  Verit*  in  aqna  regia ;  gently  beats  the  residue;  exhausts  witJi  I 
water ;  KPimrsites  the  sescjuioxide  «)f  iron  by  means  of  beujtoate  of  ammo- 1 
niit ;  filters  ;  precipitates  by  nnimonia  in  excess  ;  dissolves  the  precipiliitfd 
hydrate  of  cero8c>-ceric  oxide  in  hydrochloric  acid ;  evaporatee  the  mihitioti 
to  drjTiosa  in  a  retort;  and  ignites  the  ret^idue  as  long  as  chlorine  gas  it 
given  off.     The  protochloride  of  cerium  thus  obtained  is  dissolved  in  wat«r,  j 
itud  the  hydrat«d  protoxide  precipitated  by  potash. — 4.  Langier  digwl»j 
ccrite  in  aqua   regia;  evaporates  to  drj-ness ;  dissolves  in  water;  Biters;] 
throws  down  protoxide  of  cerium   and  s-esuuioxide  of  iron  by  ammonia;! 
aud  treats  the  precipitate  with  oxalic  acid  in  excess,  which  dissolves  tb»] 
oxido  of  iron   completely,   but   fonns   with   tho  protoxide  of  cerium  anf 
insoluble  compound,  from  which  thebydrated  protoxide  of  cerium  may  bol 
separated  by  unimonia. — 5.  Beringer  dissolves  cerite  in  hot  aqua  regia,! 
evaporates  to  dryness;  exhausts  the  residue  with  water;  precipitates  cop- 1 
jwr  and  bismuth,  by  a  current  of  sulphuretted  hydrogen;  passes   chloriDel 
through  the  filtrate,  to  convert  the  protoxide  of  iron  into  sesquioxidejj 
neatnili7.es  with  carbonate  of  smbi;  mixes  the  liquid  with  acetate  of  soda,] 
and  boils  till  all  the  iron  is  precipitated ;  filters  again;  aud  precipitate*  thai 
hydrated  protoxide  of  cerium  by  aninumia,  leaving  lime  and  cobalt  in  soln-l 
tion.  —  6.  Pensoz  (^1 71;/.  Cli'na.  i'/ii/s.  58,  202)  frees  the  protoxide  of  ceriaml 
from  sesiiuioxide  of  iron  by  boiling  the  neutral  hydrochloric  acid  solotiool 
with  oxide  of  copper,  which  throws  down  the  sesquioxiilo  of  iron  alonej] 
separates  tho  copper  by  passing  siilphurcttc<l  hydrogen  through  the  filtmtes 
and  precipitates   the  cerium,  by  adding  ammonia  to  the   filtered   liquid 
[after  expelling  tho  excess  of  bydrosulphuric  acid  by  heat]. — 7.  On  thi 
same  principle,  Demar^ay  (..■1 ««.  Phartii.  11,  24j)  precipitates  the  s<»qa 
oxiile  of  iron  by  means  of  carbonate  of  baryta,  in  tho  cold;  then  throti 
down  the  baryta  from  the  filtrate  with  sulphuric  acid;  filters  again;  noi 
precipitates  tlio  protoxide  of  cerium  by  the  addition  of  curbonate  of  potiub,! 
— 8.  In  order  that  cerite  may  be  completely  decomposed  by  aqua  reg' 
it  must  be  very  finely  divided,   and  moreover  digested  repeatedly  witJ 
fresh  quantities  of  tho  acid  mixture.     On  this  account,  oil  of  vitriol  is  pn 
ferable;  but  it  mu.vt  bo  added  in  large  excess  at  once,  otherwise  the  mil 
ture  will  become  very  hot,  ami  the  acid  will  unite  with  the  mineral,  form* 
>ng  a  hard  stony  moss,  on  which  water  exerts  scarcely  any  action.     The 
powdered  cerite    is    therefore   heated  with    excess  of  oil   of   vitriol  fnta 
several  hours;  and,  after  cooling,  the  sulphates  am  dissolved  out  with  cotal 
water:  if  hot  water  were  used,  a  dilficullly  soluble  sulj)bate  of  ceroofl 
oxide  would  be  thrown  down.     The  liquid  is  then  filtered,  and,  witboin 
neutralizing  the  filtrate,  n  crystalline  mass  of  sulphate  of  potash   is  sum 
pended  in  it,  till  it  becomes  saturated  in  the  cold;  the  doable  sulph.tlc  afl 
Kcerous  oxide  and  potash  which  subsides,  is  then  collected  on  a  filter,  aim 
B^asked  with  a  cold  saturate<l  solution  of  sulphate  of  potash.     The  dnubM 
HmIC  is  then  either  hiacA  with   carbonate  of  soila,  after  which,  water  iliH 
p#olves  out  the  sulphate  of  potash  and  soda,  leaving  insoluble  eerie  oxido  ■ 
or  it  is  mixed  with  charcoal  and  exposed  to  a  white  heat,  whereby  sulphida 
of  potassium  and  sulphide  of  cerium  are  obtained:  tho  sulphide  of  potuM 
^sSum  is  then  separated  from  the  residue  by  digestion  in  water;  the  sulphidj 
Ifif  cerium  dissolved  in  dilute  nitric  acid;  the  liquid  evaporated  to  dr\'nei4 
HpdLtkrnBidae  igDit«d:  the  product  is  aeaqitiozide  of  cerium,  mixed  witi 
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s  Turiable  quantity  of  protoxM?.  (Boringer.)  Marx  (Sehto.  52,  481) 
rt«onimcniis  that  the  ccrito  bo  iguiteJ  before  digestion  in  sulphuric  iicitl ; 
IxH-uuso  it  is  thorcbv  dijintegratcil,  und  afterwards  dissolves  with  grciiter 
facility. — IT  0.  Marignao  (Jrin.  J'/iarm,  8,  2(>5)  mixes  jwnndod  cerito 
with  oil  of  vitriol  iu  u  porcelain  hnoin,  so  as  Ut  form  a  thick  paste,  and 
then  applico  a  gentle  heat.  A  violent  action  immediately  tnkes  place; 
the  muss  becomes  very  hot,  turns  white,  and  gives  oil'  a  portion  of  the 
•ulphuric  acid;  so  that  after  a  few  minutes,  a  dry  white  powder  is  left 
l»ehind.  This  Is  put  into  an  earthen  crucible  and  kept  for  some  time  at 
a  heat  liclow  redness.  It  is  then  left  to  cool,  and  afterwards  difluscd 
throu>;h  cold  water,  care  being  t^ken  to  introduce  it  only  by  small  jmr- 
tiona  at  a  time,  as  otherwise  it  will  become  heated  and  cake  together. 
The  sulphate  of  cerium  then  dissolves,  while  the  silica  and  oxide  of  iron 
&ro  left  behind,  and  may  be  separated  by  filtration.    If  the  filtrate  be  then 

iled,  the  cerium  will  be  precipitated    iu   the  form  of  a   subsulphate; 

ifl  from  this  the  oxides  may  easily  be  obtained. 

b.  Fi-om  Pkotphocfritr.  The  rainci-al  is  finely  pounded  and  boiled 
tth  mo<lerately  strong  sulphuric  acid  till  the  whole  is  reduced  tn  a  pii«ty 
BUM.  This  mass,  when  cold,  isdigi-sted  in  water;  the  clear  lii|ni<l  jxiurod 
ttff ;  the  ioooluble  residue  again  boiled  with  sulphuric  acid,  and  the  Ircat- 
iDFiit  rcficatcd  till  nothing  but  a  small  quantity  of  silica  renmin.s  behind. 
The  solution  is  then  mixed  with  ammonia  in  sutlicient  qiiaiitity  to  neutra- 
lixe  the  greater  part  of  the  acid,  and  the  cerium,  &c.  procipitittcd  by  oxa- 
late of  aiiimoni.i.  The  precipitated  oxalate  of  ceriam,  tie,  which  fonns  a 
dcnM  cryst.illiue  powder,  is  then  washed,  dried,  and  ignited,  whereby  it 
It  rf>Tivprled  into  eerie  oxide  (mixed  with  the  oxides  of  lanthanum  and 
<1  fonning  a  powder  of  a  dark   brown-red  or  tile-red  colour. 

1  I  lUcc  readily  dissolves  in  hot  hydrochloric  acid,  with  ovolution  of 

chlorine,  forming  a  solution  of  ]>rotochloride  of  cerium;  and  from  this 
the  protoxide  may  bo   obtained    by  precipitation    with   caustic  potash. 

(W.)ir 

The  hyilratod  protoxide  of  cerium  prepared  by  either  of  these  methods 
contains  about  40  per  cent,  of  oxide  of  lanthanum,  together  with  oxide  of 
didyminm.  To  separate  the  oxide  of  lanthanum,  the  whole  is  dissolved 
in  nitric  acid;  the  solution  cva]K>rated  to  dryness;  and  the  residue  ignited 
till  the  nitric  acid  is  wholly  expelled.  The  mixture  of  eerie  oxide  and 
tbe  oxide8  of  lanthanum  and  didyminm  which  remains,  is  digonted  for 
•onie  houro  at  a  gentle  heat,  with  a  mixture  of  1  part  of  nitric  ncid  and 
from  .50  to  100  [)arts  of  water.  The  oxide  of  Innthunum  then  dinsolvea 
(|ocr-tlnT  with  a  minute  ouantity  of  eerie  oxide)  and  leaves  the  eerie  oxide 
nndistndved,  together  with  the  oxide  of  didymium  and  a  very  fnnill  f|Unn- 
tily  of  oxide  of  lanthanum.  (Moaander.)  The  sopiiration  in  btil  iniper- 
tly  offrcti'd,  beainee  the  precipitated  mixture  of  oxides  often  routiiina 
•mall  ipianlity  of  basic  Milt  or  alkaline  salt.  For  this  ren-ion,  (hi?  ci-rio 
frxidi-,  frrcd  from  the  greater  part  of  the  lanthnnum  by  nitric  aciil,  mu«t 
be  <li-»»olvi'd  iu  hydrochloric  acid;  the  solution  neutralif,ed  as  exiictly  na 
pofiible  *itli  ammonia;  acetate  of  ammonia  addcil;  and  the  protoxiile  of 
Cerium  thrown  down  by  oxalate  of  ammonia.  The  oxalate  of  cerium  is 
then  to  bo  collected  on  a  double  filter  (it  would  run  through  a  singlo  one*), 

•  I  hnvi;  nrvrr  f.iunii  the  uliiflitcit  iliffiraUy  in  rfllli-i-lliig  or  wmhiii);  llii"  |"  i 

(■X*1»U<  o(  rfTium,  nlirllur  yutc  ur  iiiU>'il  witli  laiitliaiiiini  aiiil  diiltinjuiii.     'I 
tktc  u  ounly  wlirii  first  fonpiHl.  but  in  »  fi-w  iniiiiilri  beonm-s  vrry  dcinr  ami  ■  ■  wu  ...m,  , 
•Bd  m»y  then  be  iia<hc(l  with  tbe  utmutt  ease,  cither  on  tJie  filter  or  liy  ilrcdntatiun.  [W.] 
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afterwards  waslioJ,   dried,  nnd  ignited;  and  tlie  ignited  residue 
treated  with  dilute  nitric  acid  to  dissolve  the  remaining  portion  of  oxid 
of  laiitliiinuin.  (Th.  Scheerer,  Pogg.  56,  408.) 

IT  {a.)  TLo  scpiiration  of  cerium  from  lantbanura  and  didjmlui 
depends  ui>on  this  rircumstance :  that  cerium  forms  two  oxide5,  the  pM 
toxide  or  cerons  oxide,  and  the  sesquioxide  or  errie  oxuie,  the  latter  J 
which  is  nearly  insoluble  in  weak  acitls,  whereas  the  oxides  of  Ianlh:iiiiil 
and  didymium  are  easily  soluble  in  dilute  acids.  Moreover,  the  oxidod 
lanthanum  dissolves  more  readily  than  the  oxide  of  didyniinm,  ej^pccialH 
■when  the  acid  is  very  dilute  and  kept  quite  cold.  Hence,  when  the  mixfl 
oxides  are  treated  with  cold  dilute  nitric  acid,  and  for  a  short  time  onlj 
the  greater  part  of  the  lanthanum  dissolves,  tos-ether  with  small  quantitM 
only  of  cerium  and  didymium.  But  if  the  digestion  lie  long  eontinued-4 
and  more  especially  if  it  be  aided  by  a  gentle  beat,  and  the  liquid  poun 
ofl"  from  time  to  time,  and  fresh  acid  supplied — n(?arly  the  whole  of  tU 
didymium  will  be  removed  as  well  as  the  lanthanum,  and  the  T\?mainid 
cer'c  oxide  will  be  nearly  pure,  containing  but  very  small  quantities  ■ 
the  other  oxides.  To  obtain  the  eerie  oxide  quite  pure.  Marignac  {Ari 
Pharm.  68,  213)  dige.sts  the  residue  with  moderately  strong  nitric  acM 
which  dissolves  the  last  traces  of  lanthanum  and  didymium,  together  «i| 
a  small  quantity  of  cerium. — There  is  one  inconvenience  attending  ttj 
Mode  of  separating  cerium  from  its  allied  metals,  viz.,  that  the  eerie  oxij 
when  digested  in  (ho  acid  liquid,  becomes  so  minutely  divided,  that] 
diffuses  itself  through  the  liquid,  and  will  not  separate  for  days ;  and  if  ■ 
attempt  be  made  to  filter  the  liquid  and  wash  the  eerie  oxide  with  wala 
it  first  runs  through  the  filter  and  then  completely  stops  it  up.  Tliej 
inconveniences  may  be  obviated  to  a  considerable  extent  by  warming  d 
liquid,  and  mixing  sal-ammoniac  or  nitrate  of  ammonia  with  the  waH 
Used  in  washing:  the  ammoniacal  salt  may  be  afterwards  expelled  ■ 
ignition.  When  all  traces  of  lanthanum  and  didymium  have  been  thi 
rcuioveil,  the  residual  oxirlo  of  cerium  may  be  ignited  to  expel  nitric  aA 
nnd  ammoniacal  .salt;  the  i-esiduo  is  ccroso-ceric  oxide  of  a  p.ile  yclln 
colour.  By  boiling  this  oxide  in  a  mixture  of  strong  sulphuric  afl 
hydrochloric  acid  (it  is  insoluble  in  hydrochloric  acid  alone)  till  the  liqtd 
becomes  colourless  and  no  longer  evolves  chlorine,  a  solution  of  sulpha 
of  cerons  oxide  is  obtained;  and  when  this  is  mixed  with  excess  of  causa 
potush,  the  protoxide  of  cerium  or  cerous  oxide  is  precipitated.  {W .)     1 

(6.)  Another  mode  of  separating  cerium  from  lanthanum  and  did| 
tnium  is  to  convert  the  mixed  oxides  of  the  three  metals  into  chluriv 
(e.  g.,  by  treating  the  cruile  red-brown  oxide  of  cerium  with  hot  stroi 
hydrochloric  acid,  in  which  it  easily  dissolves,  with  evolution  of  chlorinq 
precipitating  with  a  large  excess  of  caustic  potish;  and  subjcctiug  tl 
precipitate  suspended  in  the  liijuid  to  the  action  of  a  stream  of  chlorFi 
gas.  The  oxides  of  lanthanum  and  didymium  then  dissolve  in  the  mixtaJ 
of  chloride  of  pot.issium,  h^1lochlorite  of  potash,  and  free  hyjwchloroi 
acid  produced,  while  the  cerium  is  converted  into  eerie  oxide  and  remaii 
undissolved.  The  precipitate  first  tissumes  a  violet  colour,  then  lieeoml 
yellow,  and  ultimately  of  a  deep  orange  colour.  When  this  has  takfl 
place,  the  liquid  is  found  to  be  completely  saturated  with  chlorine,  an 
liaa  acquired  a  yellow  colour.  The  whole  is  then  set  aside  for  24  hoid 
in  a  close  vessel,  and  afterwards  the  liquid  sepnrated  by  liltratiou  froi 
the  insoluble  eerie  oxide.     This  is  the  method  by  which    "'  '  r  fiq 

efTected  the  separation  of  those  oxides  (Phil.  Mag.'J.i§,2i  nliJ 

to  his  statement,  the  eerie  oxide  thus  obtained  ii4||Mlh£Ki[u  iiiuilianid 
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'  mad  i)i(]jniiiiiii.  I  finil,  however,  that  the  eerie  oxide  produced  by  the 
first  application  of  the  process  retains  considcruhle  quantities  of  lanthanum 
and  didyniiuin,  and  that  thea?  can  only  lie  sujiarated  by  rcpeuting  the 
proccas  several  tiniea.  It  is  better,  therefore,  instead  of  leavinj;  the  rnjiiid 
for  a  whole  day  in  contact  with  the  prccijiitate,  to  pour  it  oH";  fill  up  the 
vesecl  with  fresh  caustic  jiotaeh;  again  pass  chlorine  through  the  liquid 
it  is  saturated;  and  repeat  this  treatment  till  the  yellow  liquid,  after 
Bg  poured  olT  froni  the  precipitate  and  boiled  till  its  colour  disappears 
Hicreupon  a  small  quantity  of  coric  oxide  separates  from  it,  and  must 
be  remove<l  by  filtration),  no  longer  gives  a  precipitate  with  caustic  potash. 
L'n  this  point  is  attained,  the  eerie  oxide  is  perfectly  free  from  lau- 
lum  and  didymium.  It  still,  however,  retains  considerable  quantities 
bypochbirons  acid  and  salts  of  potash.  '1  he  easiest  mode  of  purifying 
to  dissolve  it  in  boiling  hydrochloric  acid  (it  dissolves  with  evolution 
^chlorine,  and  forms  CeCI),  anil  precipitate  the  cerium  with  oxalate  of 
inioniu.  The  precipitated  oxalate — which  is  easily  washed,  and  is  then 
from  all  impurities — may  be  converted  into  eerie  oxide  by  ignition; 
I  eerie  oxide  converted  into  cerous  sulphate  by  boiling  with  sulphuric 
and  hydrochloric  acid;  and  the  protoxide  precipitated  by  caustic  jiotash. 
This  mode  of  separation  is  troublesome,  but  effectual ;  it  is  useful  also  for 
detectini:  the  presence  of  cerium  when  associated  in  small  quantities  with 
^thaiium  and  didymium.  (W.) 

[(c.)  The  separation  of  cerium  from  lanthanum  and  didymium  may, 

rover,  be  much  more  easily  effected   by  boiling  the  crude  red- brown 

Ic,  obtained  by  igniting  the  oxalate  of  the  mixed  oxides,  in  a  solution 

kl-amnioniac.    The  oxides  of  lanthanum  and  didymium  then  ilissolve — 

pg  converted  into  chlorides,  with  evolution  of  amiuoiiia — while  pure 

^c  oxide  remains  behind.     The  boiling  must  bo  continued  for  several 

hoars,  and  the  solution  j)oured  offence  or  twice  and  fresh  liquid  iiddcd. 

^process  must  bo  continued  till  the  decanted  liquid  no  longer  gives  a 

'npitate  with  oxalate  of  ammonia.     The  eerie  oxide  is  then  of  a  light 

r«olo(ir.     It  may  be  collected  on  a  filter  and  washed  with  water  con- 

Dg  Mil-ammoniac.'  if  pure  water  be  used,  the  oxide  immediately  runs 

Bfbugh  the  filter.     The  ammoniacal  salt  may  then  be  driven   off  by 

ignition  anil  the  eerie  oxide  converted  into  cerous  oxide  as  before.     This 

mode  of  separation  is  the  easiest  and  most  effective  of  all.     The  solution 

of  lantluinum  and  didymium  is  quite  free  from  cerium  (as  I  have  proved 

I^Kexamining  it  by  the  chlorine  process  just  described)  and  the  eerie 

^Kic  i«  free  from  all  traces  of  lanthanum  and  didymium.  (W.)     (Vid. 

^Ky.  o/Chnii.  S„c.  2,  131.) 

^■(</.)  According  to  L.  L.  Buonaparte  (Comp.  rend.  16,  1008),  corinm 
^^V  be  separated  from  didymium  by  means  of  valerianic  acid.  The 
^^pralcd  oxides  arc  precipitated  liy  a  caustic  alkali;  the  cerous  oxide 
^Hv'erU'd  into  eerie  oxide;  the  whole  ilissolved  in  nitric  acid;  the  excess 
^Bcid  driven  off  by  a  gentle  heat;  the  residue  mixed  with  a  very  small 
^Hutity  of  water;  and  a  saturated  solution  of  valeriauic  acid  added, 
^^fc  by  drop,  as  long  as  any  precipitate  forms.  This  precipitate  is 
^Herianato  of  eerie  oxide:  valerianate  of  didymium  remains  in  solution. 
^Hl  dioeovercr  of  this  method  has  not  stated  whether  oxide  of  lanthanum 
^HriTipituted  or  held  in  solution  by  the  valerianic  acid;  but  from  its 
^^^t  aunilnrity  to  didymium  in  its  behaviour  with  other  acids,  wo  may 
^^kine  tiint  it  would  be  held  in  solution.  IS 


263 


CEKIl'M. 


The  mixture  of  lanthbnnm  and  didyminm  with  cerium  baring 
orcrlookcil  till  within  those  hist  few  yeare— all  the  gtatonients  hm  eel* 
lcH'lt.-<l  (uvi'u  thune  of  Musaiidor)  r««pectiDg  the  oiuipoands  of  cerium, 
rclato  to  that  which  ountains  tho  allied  meUls.  The  only  expcrtmnita 
made  with  pure  cerium  are  those  of  Berin;arer,  Rammebhcrg,  and  Niirij^- 
tmo.  But  considorinj^'  thu  trrcat  ainiilarity  which  exists  between  tha 
three  nietaU,  it  is  pruhahic  that  the  duscriptiouis  here  given  will  nut  be 
much  altered  hy  the  inveitijrHlioa  of  pure  cerium  compounds.  [Uw 
principal  alterations  relate  to  the  properties  of  cerio  oxide  and  the  colour 
of  the  ccrous  salt*.  (VV.)  ] 

lljdrutcd  protoxitio  of  cerium  ia  a  white  powder  which  rapidly 
turns  yellow  in  the  air  from  absorption  of  oxygen.  (Borrelius.)  Of  lo» 
auhydrous  protoxide  little  in  known:  it  may  be  obtained  by  expoaia; 
the  carlxiiiale  to  a  white  heat  in  a  current  of  hydrogen  pas.  (Bcneliuit.) 

6.  With  acidc,  protoxide  of  cerium  fomis  the  Puoto-salts  of  CeBrr*, 
ILTS  OF  Cerous  Oxide,  or  Cerocr  Salts.  It  is  readily  dissolved  by  acid*. 
The  insoluble  «alts  of  corons  oxide  are  white:  those  which  are  soluble 
fonn  amethyst-coloured  solutions  with  a  small  quantity  of  water,  «ad 
colourless  solutions  with  a  lar^r  quantity.  The  red  colour  arises  neitb«r 
from  the  presence  of  cobalt  nor  of  manganese  (Beringer);  it  is  doe  to  tba 
prescuco  of  didyniium.  Pure  oerous  salts  form  perfectly  colourlea*  will'  \ 
tioiiK.  (Mosander.) 

The   soluble  salts   have  a  sweet,   astringent  taste,   and   redden  lit- 
mus [even   when  the  acid  is  perfectly  saturated.      All  cerous  salts,  tbo 
acids  of  which  are  volatile  or  easily  decomposed,  part  with  their  adds 
on  ignition,    except  the  double  sulphate  of  ccrous  oxide    and    potiwh. 
From  solutions  of  cerous  salts,  ammonia  and  ]K>ta£h  precipitate  the  bv- 
drated  protoxide  in  colourless,  voluminous  flakes,  insoluble  in  an  excess  of  J 
the  rcAgent.     Alknlino  suljihides  act  in  a  similar  manner,  with  evolution! 
of  sulphuretted  hydrogen.     The  normal  carbonates  and  bicarbonate*  <>f| 
ammonia  and  potash  precipitiite  carbonate  of  cerous  oxide  in  oolourle 
flakes,  slightly  soluble  in  excess  of  the  alkaline  carbonate.      Phosphate  of  1 
soda  throws  down  from  the  neutral   salts  a  white   precipitate   of  cerooi 
phoi^idiate,  t>asily  soluble  in  nitric  acid.     A  saturated  solution  of  su]pbat«i 
of  potash  added  to  a  solution  of  a  cerous  salt  (not  too  dilute)   produces — I 
either  at  once  or  after  some  little  time — a  cr3'stallinc  granular  precipitat«1 
of  double  sulphate  of  cerous  oxide  an<l  potash.     Arseniate  of  potash  givf«  I 
ft  while   prooipitut*.     Oxalic  acid  and  the  alkaline  oxalates — when   the] 
acid   iu  combination  with  the  cerium   is  not  in  too  great  excess — throw] 
down  colourless  oxalate  of  corous  oxide,  curdy  at  first,  but   afterwur 
changing  to  a  fine,  crystalline  powder,  which   is  soluble  only  in  a   largal 
excess  of  hydrochloric  or  nitric  acid.     Tartrate  of  potash  gives  a  preci- 
pitate readily  soluble  in  acids.     Succinate  and  benzoate  of  ammonia  pr»-J 
ducc  iu  a  solution  of  not  less  than  1  port  of  salt  in  100  parts  of  water,  »] 
■white  curdy  precipitate.     Ferrocyonide  of  potassium  throws  down  colour- 
less ferrocyanido  of  cerium,  soluble  in  nitric  acid.     No  change  is  produced] 
by:  hydrosulphuric  acid,  zinc,  iron,  carbonate  of  baryta,  strontia  or  lime,  | 
ferricyanide  of  potassium,  or  tincture  of  galls. 


B.     Ceroso-ceric  Oxide. 

Formed  by  igniting  the  sesnuioxi<le  iu  a  current  of  hydrogen  nvj 
also  by  strongly  igniting  the  carbonate  or  ox.  '  '      '    '  '  - 

retort — under  which  circumstances  these  aci<i 


CERIC  OXIDE. 
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to  tho  protoxide.     Lemon-yellow  powder,  which,  when  heated  in  the  air, 
~|iirii8  and  is  converted  into  eerie  oxide;  it  disstilves  in  hydrochloric  acid 
^ith  evolution  of  ckloriue.  (Bcrzolius.)     Dilute  acids  sepanile  the  prot- 
ido  and  leave  the  scsquioxide  behind.   (Berinjfer.) 

Since  100  pans  of  eerie  oxide,  free  from  lanthanum,  lose  I'lTG  parts 
'  oxv^'cn  when  reduced  by  hydruj;ou   to  tho  state  of  ceroso-ceric  oxide, 
lie   latter   oxide   must   be   composed   of  CeO  +  4  (Ce'O').    (Beriugor.) 
Lccording  to  Marignac,  it  is  3CeO  +  2Ce-0'.  {Arck.  fh.  Nat.  8,  266.) 

liydraUd  ceroto-ceric  oxide  ia  formed — mixed,  according  to  Vauquelin, 
with  carbonate  of  the  protoxide— by  exposing  the  hydnitod  protoxide  to 
Iteair;  it  has  a  yellow  colour.  (Derzeliiu.) 


C.    Sesqcioxtde  of  Cbrii}!!,  or  Ceric  Oxide.    CO'. 

Formation.  The  metal,  when  heated  in  the  air,  bums  with  a  bright 
tnio  and  abundant  evolution  of  sparks,  and  is  converted  into  tho  aosqoi- 
tide.  (Musander,  Oeringer.)  Tho  hydratcd  protoxide  and  the  ccroiso- 
eric  oxide  are  converted  iuto  semjuioxide  by  ignition  in  the  air.  The 
»idue  obtained  by  igniting  the  nitrate  of  ccrous  oxide  also  consists  of 
eric  oxide.  ^  According  tu  Mariguac,  the  oxide  thus  obtained  i«  tho 
i-ceric,  composed  of  3CeO  +  2Cc20''.  Jlosander  likewise  states  that 
oxide  obtained  by  igniting  the  nitrate  contains  cerous  oxide.  [PhU. 
Tty.  J.  28,  241.)  IT 

Propertiei.  Pure  ceric  oxide  is  a  w^hite,  or  very  faintly  coloured 
swder.  If  Lemon-yellow:  after  an  hour's  ignition,  it  acijuires  a  reddish 
Bgc,  but  without  the  faintest  trace  of  brown.  (MosanJer.)  Fawn  or 
llmon-<;<Juured.  (W.)  H  Tasteless  and  infusible.  (Mosander.)  Tho 
nlinury  oxide  containing  didymium   is  brownish-red,  and,  according  to 

Blen,  has  a  specific  gravity  of  about  5'G069. 


2Ce  ... 

Calculstion, 

,  according 
92 
24 

;  to  Hiiingrr. 

79-.11 

SO    ... 

20-69 

C^O' 

=  1149-4 

IIG 
+  300  = 

100-00 

Ce'O' 

1419-4 

rBerxelios.) 

nposUxoix.     By  ignition  with  hydrogen  gas,  ceric  oxide  is  con- 
ioto   coroBo-ceric   oxide.    (Berzelius.)     When   gently   ignited   in 
_Bn   gas,  it  becomes  colourless,  but  the  lo.sa  of  weight  is  hardly 
ciitblc.  (Beringer.)     When  heated  with  hydrochloric  acid,  it  evolvea 
Jorine  goB  and  is  converted  into  hydrochlorato  of  the  protoxide. 


Comlinatiom.  a.  With  water.  The  hydnilo  is  precipitated  from 
rintions  of  c*ric  oxide  salts  by  the  fixed  alkalis,  as  a  piilevfllow  viscid 
llbctanci-,  which  assumes  a  darker  colour  when  dry.  (Berzelius.)  Tho 
fdratr 

b. 
fily. —  \v  hen  pi  , 

triol.  (Mosimder,  Marignacj  Watts.)     Its  salts  are  yellow  or  roil  in  tho 
•;  their  solutions  are  also  of  a  yellow  or  rcildish- yellow  colour,  and 
tcrized  by  a  sour-bwtet  aud  very  rough  taste.  \Vliea  bovWlN«\^\,\ 


itanci',  whicli  assumes  a  darker  colour  wlien  dry.  ^nerzoiius.;      ino 
rati-  freo  from  didyMiiiim  is  of  a  sulphur-yellow  colour.   (Mosander.) 
b.  Ceric  oxiiie  is  easily  dis^olvpil  by  acids,  though   in  pmall   quantify 
f. — When  pure  it  is  nearly  insoluble  in  all  acids,  excepting  hot  oil  of 
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hydrochloric  acid  thev  give  off  chIorin<?,  and  arc  converted   into  ceroo«_ 
ealt.«,    TLo  fixi-J  ulkafie  added  to  soliitiona  of  eerie  salts,  throw  down  pur 
hydrate  of  eerie  oxide;  ammonia  geuemlly  precipitates  a  basic  salt; 
sulphate  of  potoeh,  a  yellow  double  salt. 


CKniuM  AND  Carbon. 

Cabbipe  of  Cebitm? — By  )<trongly  igiiitinf^  protoxide   of  eer 
moistened  with  oil  in  a  porcelain  retort,  Laugier  obtained  a  black  ; liinini 
sub8tance,  of  the  same  weijrlit  a.s  the  protoxide  employed,  wiiicli  infla 
spontaneously  in  the   air,  tind   wius   converted    into   brown    eerie  oxideL,J 
Oxalate  of  cerous  oxide  gently  ignited  in  a  porcelain  retort,  and  the 
Incited  with  an  acid,  leave-s  a  browuish-black,  insoluble  powder,  viLii 
when  heated  in  the  air,  is  rapidly  converted  into  an  eijual  weight  of  ccii 
oxide,  the  action   being  attended  with  incandescence.      Hence  it  wonli 
appear  to  consist  of  CeC,  inasmuch  -.is  2CeC-  and  Ce'O*  arc  of  the  i 
weight     A  similar  black  powder  is  obtained  by  gently  igniting  the  tar 
ttate  of  eerous  oxide.  (Mosander.) 

A.  Cahbosate  op  Cerous  Oxide,  orCERous  Cahbon.vte. — Hydrate 
cerou8  oxide  absorbs  carbonic  acid  from  the  air  and  from  water,  and 
thereby  converted  into  a  white  granular  powder.     The  precipitate  pr 
duecd   in  cerous  salts  on   the  addition  of  alkaline  carbonates  \isis  a  sil- 
very lustre  when  dry,  and   is  very  light.  (V'auquolin.)     The  procipit 
formed  by  carbonate  of  ammonia  ajtpears  at   first  in  white,  amorphuo 
flakes;  but  these,  in   the  course  of  three  days,  change  beneath  the  liquia 
into  shining  crystalline  scales,  which  unite  on  the  filter  to  a  silvery  : 
easily  separated  from  the  paper.  (Beringer.) 


Calculation.  Beringer. 

CeO   a        52-<3  ....       53-31 

ay    22         21'36  ...       21-91 

3HO 27         26-21  ...       24-78 

CeO.  CO»  +  3Aq.  ..     103       100-00  ....  lOO'OO 


Klaproth.  Hisinger.  Vaoqneri* 
65     ....      57-9     ....      57 
231 


231 

1>J  •  ■• 


421 


a 


100 


100-0 


100 


In  a  clo.se  vessel,  the  salt  may  be  gently  ignited  withont  decomposition^ 
but  at  a  higher  toni]>eraturo  it  is  converted  into  ceroso-ceric  oxide,  car^ 
bonic  acid  and  carbonic  oxide  guaes  being  at  the  same  time  evolve<l.     If 
the  air  has  access  to  it,  the  decomposition  is  more  easily  elfected,  and  the 
residue  consists  of  coric  oxide.  (Hi.singer  &  Berzelius.)     The  salt  is  in 
soluble  in  water  and  in  aqueous  carbonic  acid.  (Vauquolin.) 

B.  Carbonate  op  Ceric  Oxidr. — Formed  by  double  dccompositiona 
Of  a  dirty  white  colour.     Easily  soluble  in  water. 


Ce=0>. 
3005 


Calculalioo.  Hiainger. 

116         ....         63-74         ....        6;i-83 
00         ....         36-26        _..        3017 


CtW,  3CO«     182 


10000 


100-00 
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Cerium  and  Fnospnonus.  | 

A.  Piiosrmcn  op  Cerium. — Cerium  heated  with  phosphorus  to  the 
boiling  point  of  the  latter,  does  not  enter  into  comhinatiou  with  it.  (Mo- 
sandcr.)  \\'hcii  phosphuretted  hydrogen  gas  is  passed  over  eerie  oxide 
Lcati'd  to  whilencsii  in  a  porcelain  tuhc,  and  the  contents  allowed  to  cool 
out  of  contact  of  air,  a  grey  powder  i.s  obtained,  probably  consisting  of  a 
mixture  of  phosphide  of  cerium  and  jiliosphato  of  cerous  oxide.  Heateil 
in  the  air,  it  gradually  turns  white;  it  dissolves  with  difficulty  even  in  the 
most  concentrated  acids,  and  without  any  escape  of  gas,  as  phosphate  of 
cerous  oxide,   (Mosander.) 

B.  Piiospii.iTE  OF  Cerocs  Oxide  or  Cerous  Phosphate. — Formed 
by  precijiitating  a  soluble  cerous  .yilt  with  phosphoric  acid  or  a  pliosphato. 
White  powder,  insoluble  in  water  or  in  .solution  of  phosphoric  acid;  slightly 
soluble  in  hydrochloric  and  nitric  acids.  (Hisinger  i  Berzclius.)  Hy 
strong  ignition  in  a  charcoal  cniciblo,  it  is  neither  fused  nor  reduced,  but 
merely  cakes  together.   {Mos.inder.) 

Phosphate  of  cerium  is  found  in  an  impure  state  in  MonaziU  and  Ed- 
wardsile,  minerals  whicli  appear  to  be  nearly  identical ;  also  in  Ciyptolite 
and  Phosphocerite,  which  arc  likewise  identical  in  all  respects  cxcei)t  crys- 
talline form.  Monazitf :  Fig.  85,  ihe  apex  between  «',  n  and  i  being 
truncated;  i  :  «  =  100°;  iC  :  n  =  d'>°  30';  i  :  a  =  1.37'  30';  t  -the  faco 
between  u,  u'  and  i  =  140"  30';  i  :/=  12.5°.  (Brooke,  Phil.  Mag.  Ann. 
10,  ISO.) — Oblique  rhombic  prism,  of  specific  gravity  between  4'922  and 
5"01!).  (Breitliaupl.)  Dissolves  in  hyilrochloric  acid  with  cvolutiou  of 
cLloi'iue,  leaving  a  white  powder  undissolved.     Contains  : 

S<si)uioxide  of  ccriam     2()'00 

Oxide  of  lanthanum    2340 

Protojiiie  of  manganese 1'86 

Binuxiile  of  till   2"10 

Thorina    17-95 

Lime    1-68 

Phoophorin  acid  28'50 

Potosb  and  binoxide  of  titanium  ^traces) 

101-49 
(Keraton,  Pogg.  47,  385.) 

Edwardsite:  Obliquo  rhombio  prism;  the  base  obliquely  inclined  to 
the  acute  lateral  edge,  the  angle  of  which  is  85';  this  edge  is  truncated. 
Cleavage  panille)  to  the  base  aud  to  the  longer  diivgonal;  sp.  gr.  4-2 — 4-6. 
Before  the  blowpipe  it  fuses  at  the  edges  to  a  clear  glass.  But  slightly 
attacked  by  nitric  acid.     Contains : 

Protoxide  of  cerium 56-53 

Alumina  4-44 

^^^                   Zircooia  7-77 

^^B                Silica    3-3.3 

^^P                Phosphoric  acid  26-66 

^F  Magnesia,  glacins,  and  protoxide  of  iron  (traces)... 

98-73 

Shepard  (SiU.  Am.  J,  32,  162;  a\soJ.pr.  Chem,  12, 185);  compare  G.  Rose 
{Foffg.  49,  223). 
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Y  CryptoliU :  Discovered  by  Wiihler  in  the  rose-oolonred  Bpatite  ti  ] 
Areuiia]  in  Norway,  from  whicu  it  is  separated  by  disMolving  the  apatite 
in  nilrir  nrid.     The  oryptolile  is   then  left   nnJi.'j«)l\'cd,  to^t'tber  with 
II'  '    crrstold  of  mainictic  iroii-orc,  horublenile,  nod  an  uoknoirn  I 

ri'  "I' H  liyat-iuth-rol  colour  likewise  containing  Cflrium.    The  cry»- I 

luis  iif  cryi>t<>1il«.<  srv  hoxati:oiml  prisma  about  a  line  in  length,  and  of  it 
wiiio-ylltiw  colour.  By  <'xposuro  to  a  inodorato  heat,  they  undergo  ou 
chango  either  in  appeanince  or  in  weight.  Sp.  gr.  :=  4'6.  I)ec<ini|)()»cd 
by  strong  sulphuric  acid,  the  whole  being  reduced  to  a  dry  oartkj  mau. 

S<*qTiiaziile  of  oeriom     , ,.,,„ 73*70 

b  Protoxide  of  iron „ „.       I'M 

1  Fbocpboric  acid  „ 27'37 

^^P  102-58 

The  excess  arises  from  the  protoxide  of  eeriam  contained  in  the  minenil 
Iteiiig  converted  by  ignition  into  eeeqoioxide.  (Wfihler,  Ann.  I'harm.  57) 

208.) 

PhofjihwerUt:  Discovered  by  Mr.  Ollive  Sims  in  the  cobalt-ore  Johan- j 
^sberg  in  Sweden,  of  which  it  fornix  about  ono-thousaudth  [itirt,    Keuiainsj 
pi  a  residual  product  when  the  ore  after  calcination  is  treated  with  hyilro- 
vhloric  acid  lor  the  purpose  of  cxtraetiug  the  cobalt.      Greyish-vdhiw  ^ 
crystalline  powder,  associated  with  a  small  quantity  of  minute  darlt  par* 
pie  crystals  which  are  strongly  attracted  by  the  magnet,  and  apf>car  to  J 
consist  of  magnetic  iron-ore  and  oxide  of  cobalt. — The  crystals  of  pho*>| 
phocerito  whcu  examined  by  the  microscope  present  two  fonus,  one  an 
oetohi'dron  (not  regular),  the  other  a  four-sided  prism  with  quadrilateral 
fiuuiniits;  both  forms  appear  to  belong  to  the   right  prismatic  system. 
Hsrdnc-ss,  between  5-0  and  5"5.  (Chapman,  Qu.J.  of  Chetn.  Soc.  2,  154.)] 
Sp.  gr.  =  4"7K.  (W.)     When  exposed  to  the  blowpipe  flame,  it  ritrefies] 
partially  on  the  edges  and  surface,  tinging  the  flame  at  tlie  same  time] 
slightly  green.     With  the  usual  blowpipe  reagents,  it  presents  the  roac-j 
tions  of  cerium,   imparting  however  to  the  borax  and  phosphate  of  soda  I 
«las«<cs,  wben  cold,  a  pale  violet-blue  tint,  either  due  to  the  presence  of] 
did\'mium  or  to  the  admixture  of  a  small  portion  of  the  cobalt-ore.    With 
bonis  anil  soft  iron  wire,  it  pro<luces  brittle  phosphide  of  iron.    (Chap-  [ 
man.)     Oil  of  vitriol  aided  by  gentle  heat  decomposes  it,  forming  a  pasty 
moss,  which  is  soluble  in  cold  water,  with  the  exception  of  a  small  quan- 
tity of  silica.     Contains : 

Protoxide  of  cerium,  &c 64-68 

L                       Oxide  of  iron    2-8S 

I                      Oxide  of  cobftlt,  silica,  &&    ,. 3-41 

■                     Fboipboric  add 28-46 

"  99-33 

The  protoxide  of  eeriam  (including  lanthanum  and  didymium)  and  pbos 
phoric  acid  are  very  nearly  in  the  proportion*  required  to  form  a  terb-asii 
phosplisitc.  Hence  tUo  niinernl  may  he  regarded  ns  a  mixture  of  th( 
tril)i>*ic  phosphates  of  cerium,  Inntlinnnm,  and  diilymium.  It  is  evidently 
identical  in  uoiiipo.silion  with  crvplolite;  but  the  crystaJliue  forms  of  the 
two  inincrals  (jis  fur  at  le.\st  as  tlicy  ran  be  nsecrlaiued)  itre  totally  incom- j 
[latihlo.  Probably,  therefore,  the  phosphate  of  cerous  oxide  is  dimor-^ 
|.hous.  (W.)  %  J 
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Cerich  and  Sdlphdb. 
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Ce    

S 

Colcttlotioa. 
46        ....           7419 
16        ....          25-81 

Mosander. 
74 
20 

Ce8 

62        ....         100-00 

100 

A.  PnoTosuLpniOK  op  Cebidm. — 1.  Cerium  heated  in  vapour  of  sul- 
phtir  absorbs  it  and  becomes  red  Lot. — 2.  Vapour  of  bisulpbiilc  of  carbon 
{Mi«i«d  over  ignited  corous  carbonate  (or  over  coric  oxide,  Jieringfr),  con- 
verts it  into  sulphido  of  cerium,  of  loose  textnro  and  the  colour  of  red- 
lead. — .3.  When  a  mixture  of  1  part  of  eerie  oxide  and  3  parts  of  liver 
of  sulphur  Is  strongly  ignited  in  a  covered  vessel  for  half  an  hour,  and 
the  sulphido  of  potassium  dissolved  out  by  water, — sulphide  of  cerium 
remains,  in  small  crystalline  scales,  resembling  mosiiic  gold,  greasy  to  the 
touch,  soraotimes  of  a  yellowish  green,  sometimes  of  a  golden  yellow 
colour:  when  examined  by  a  lens,  they  appear  translucent,  with  a  yellow 
tint.  When  sulphide  of  cerium  is  heated  in  a  gas  which  does  not 
d»tconijiose  it,  its  yellow  colour  chanires,  through  red,  to  dark  red  and 
black,  but  is  again  restored  on  cooling.  It  does  not  appear  to  conduct  elec- 
tricity.— If  instead  of  eerie  oxide,  hydrated  chloride  of  cerium  (CoCl.HO) 
is  ignited  with  the  liver  of  sulphur,  the  sulphide  of  c«rium  remains,  after 
washing  the  residue,  in  the  form  of  a  scaly  powder,  which  appears  dirty 
yellow  while  diS'used  in  water,  but  assumes  a  dirty  rod  colour,  after 
eettling  to  the  bottom  of  the  vessel,  or  after  drying. 

t  Sulphide  of  cerium  remains  unaltered  in  air  and  water.     Heated  in 
air,  it  takes  fire  below  a  red  hmt  and  burns  with  a  blue  flame  and 
evolution  of  sulphurous  acid  :  the  product  is  baJiic  sulphate  of  eerie  oxide. 
Heated  in  a.  current  of  chlorine  gas,  it  is  resolved  into  chloride  of  cerium 
and  chloride  of  sulphur.     It  is  not  altered  by  ignition  in  vapour  of  iodine 
or  of  potassium,  or  when  heated  with  phosphorus.     It  is  dissolved  by  the 
weakest  acids,  forming  a  corous  salt  and  evolving  sulphuretted  hydrogen 
without  separation  of  sulphur.     Only  the  sulphido  preimred  by  the 
ird   method  dejiosits   1   or  2   per  cent,  of  sulphur,   %vhen  dis-folved   in 
lids:  this  sulphur,  however,  is  present  merely  in  the  stale  of  mechanical 
ture,  in  consequence  of  a  portion  of  the  liver  of  sulphur  having  been 
loniposed  by  the  air  contained  in  tho  w.atcr,  and  may  be  expelled  by 
ting  tho  sulphido  of  cerium  in  an  atmo.Mphere  of  hydrogen  gas.     In 
ilution  of  potash,  sulphide  of  cerium  is  changed  into  a  green  powder, 
'hich  appears  to  consi.st  of  oxysulphido  of  cerium.  (Mosancier.) 

B.  SEBQCiscLpniDE  OP  Cerium. — Not  yet  isolated,  but  known  only 
combination  with  electro-negative  metallic  sulphides. 

C.  O.wsrLPHfDE  OF  Ceridm. — Carbonate  of  corous  oxido  is  distilled 
ith  sulphur  or  ignited  in  a  current  of  sulphuretted  hydrogen  gas. — Applo- 

en  powder.     Dissolved  by  acids  with  evolution  of  sulphuretted  hydro- 
en  and  separation  of  sulphur.     Generally  contains  a  small  quantity  of 
«ic  sulphate  of  cerons  oxide.  (Derzelius.) 

D.  Sulphite  of  Ctnona  0.\ide  or  Cerous  Solphitk. — Prepared  by 
olving  carbonate  of  cerous  oxido  in  an  aqueous  solution  of  sulphurous 

Crystallizes  in  pale  amotbysl^coloured  needles.   (Klaproth.) 
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E.  HrposnpBATB  op  Cntocs  Oxtoi  or  CiBore  nTT><^crLPRin.— 

[^CWrbonato  of  cf- rous  oxiiie  Is  dissolrcJ  ia  aqaowis  hri  icid  ml 

tli«  colution  left  to  evaporate  io  tbe  air  spoataaeoeslr-    ^ -.  cvluuleH, 

foar-*i<le(l  prUms,  permanent  in  the  air,  and  containing  after  abetnctiw 
of  wat*r,  42'7f  per  cent,  of  base  and  57-21  of  acid.   (Ueenen.) 

F.  ScLPHATE  OF   Cerocs  Oxidk  or  Cebocs  Scxtbatc — o.  Bomc 
SulptiaU. — 1.  Keroainii  after  i^itiou  of  alt  b  in  oloae  Tesiek. — 2.  Prcci- 

Sitalod  from  a  soluliun  of  salt  h,  by  exce^  of  ammonia.     Even  poti>l> 
om  not  Bepamte  the  wliolv  of  tbe  »ulpbaric  acid.  (Hiaiugcr  k  Beneliui) 

6.   ilonotulphntf :  Prciiarcil  by  dissolving  carbonate  of  cerou*  oiiifc  I 
in  ooM  ililnte  sulpburio  acid — or,  acrordiug  to  Bertbicr,  by  trokting  ccric 
oxide  with  aijueous  solution  uf  sulplmrous  acid,  evnporatin?  to  tbe  crvs- 
tallizing  point,  and  debydrutiiig   the   crystals  which   are  formed,    "niol 
anhydrous  salt  is  a  white  powder,  of  a  sweetish-astringent  and  sligtitlj 
aciif  i»«te.     Heated  in  a  close  vessel,  it  leaves  basic  sulphate  of  oeroiu 

loxido;  but  if  heated  in  an  open  vessel,  it  leaves  basic  sulphate  of  eerie 

'uddo.  (HisingerAc  Berzelius.) 
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80>  

Aohjilroni. 
54     .          5;43 
40     .  .       42-55 

RammrUberg. 
57-306       .... 
42-694       .... 

Beringn-. 
57442 
42558 

CeO,SO».... 

94     ....     lOOOO 

....       100-000      . 
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Comhinationt  with  wate}; — The  anhydrous  salt  sprinkled  with  a  i 
ijuantity    of  water  evolves  considerable   heat   and   condenses  to  a  solid 
mass,  which  dissolves  with  difficulty.  (Otto.) 

m.    With  l^  alvnui  o/trdter. — On  boiling  a  solution  of  this  salt  in  cold 

water,  the  salt  a  is  deposited  in  small  piile-red  crystals,  which  are  agai^ 

,  dissolved  a.s  tlio  liquid  cooLs.     By  jiouriug  oil'  the  boiling  liquitl,  the  ( 

llals  may  be  obtained  separate.   (Olto.  J'o<i</.  40,  404.) 

fi.  \f'ilh  3  atoms  of  water. — Crystallizes  out  on  the  slow  cvaporatio 
tva  aqueous  solution.  Pale  amethyst-coloured  prisms  (Hisinger  <t  Bee 
xelius,  Klaprolh);  colourless  crystals  (Vauqnclin).  Right  rhombic  prisn 
having  two  of  their  lateral  edges  truncated,  and  with  dihedral  summiti 
llie  faces  of  which  rest  upon  the  other  two  lateral  edges.  (Marx,  ,ScJiic.  5i 
4til.)  IT  Rhombic  octohedrons,  the  faces  of  which  meet  in  the  termini 
iVilges  at  angles  of  114'  12'  and  111"  10:  frequently  also  in  more  acut 
'oclohedrous,  the  corresponding  angles  of  which  are  9'J~'  48'  and  95"'  46 
(Marignac.  Ann,  /'hmn.  C8,  214.|  II 

Sulpbato  of  ccrous  oxide  is  dissolved  with  difficulty  by  water,  pro-' 
duciug  a  p«le  reddish  solution.    [Colourless  when  free  from  Jidymium.] 
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SELEN'roE  OF  CERIUM. 


2G9 


IT  G.  Cbroso-ceric  Sdlphatk. — Analysed  by  Marignac.  (Marignac, 
e/«  Sc.  phy».  <t  not.  8,  278.) 

Calculation.  Marignitc. 

3CeO  162     ....      26-49 

2Ci(»0> _ 232     ....      37B7  ....         3705 

■ISO*   160     ....      2.S-57  ,.,.        26-09 

7H0   63     ....      1007  ....         lO'lO 

3CeO,  2Ce»0»,  480^  +  7Aq 617     ....    10000  H 

H.  SoLPHATB  OP  Ceric  Oxide,  or  Ceric  SuLPn.tTE. — o.  Polyhasic 
avlphate. — Formed  by  digesting  6  with  ammonia.  Ligbt  flesh-coloured 
powder.  (Berzolins.) 

h.  Batic  tulpkate. — 1.  Prepared  by  igniting  the  salt  c.  (Berzelius.)— 
2.  By  burning  sulphide  of  cerium.  (Mosander.)  Dark  brick-red  powder. 
Not  decomposed  by  strong  ignition.  Soluble  in  hydrochloric  acitl,  forming 
a  red<ii.sh-yellow  solution,  from  which  it  ia  precipitated  by  alkalis  nn> 
chaugfd, 

e.  TenulphaU. — Ce'O',  3S0'. — The  lemon-coloured  solution  of  ceric 
oxide  in  <lilute  sulphuric  acid  yiehLs,  liy  slow  evaporation,  lemoo-coloured 
prism!),  wliicli,  when  exposed  to  the  air,  gradually  effloresce  and  lose  their 
colour.   (Hiainger  &  Berzelitis.) 

Hydro-sulphocarbonato  of  lime  Joes  not  precipitate  a  solution  of  pro- 
tochloride  of  cerium;  the  liijutil  remains  clear  for  several  hours  and  then 
deposits  white  flakes.  (Berzelius.) 

Cerium  and  Selenium. 

A.  Sblemde  of  Cerium. — Selenite  of  cerons  oxide  healed  to  redness 
in  a  porcelain  tube  is  decom])08ed  by  a  current  of  hydrogen  gas.  If 
««ric  oxiilo  i.9  present,  a  portion  of  selenium  piwscs  off  with  the  hydrogen. 
DWTli^ib  powder,  constantly  evolving  an  unpleasant  odour  of  seleuiu- 
tted  hydrogen.  When  heated  in  the  air,  it  yields  a  sublimate  of 
jions  acid,  and  leaves  a  white  powder,  which  dissolves  with  groat 
Bcnlty  in  acids,  and  protjably  consists  of  basic  selenite  of  ceric  oxiilo. 
^lenide  of  cerium  dissolves  in  the  weakest  acids  with  evolution  of  seleniu- 
tted  hydrogen.     Wut«r  has  no  action  on  it.  (Berzelius.) 

Aqueous  solutions  of  cerous  salts  give  with  alkaline  hydroseleiii.atcs 
^pale  red  precipitate,  which  becomes  darker  in   the  air  from  dccomposi- 
Dn.  (Berzelius.)     Probably  hydrated  telenide  of  cerium,  ot  hydrosehniaU 
'oerotu  oxide. 


B.  Selenite   of   Cerous  Oxtde,   or  Cerous  Selenite. — a.  Mono- 
fiite. — White  powder,  insoluble  in  water. 

b.  Bi-adenile. — The  nonnal-talt  dissolves  in  an  aqueous  solutiou  of 
denioas  acid.  (Berzelius.) 

C.  Selenite  op  Ceric   0.\inK,    or   Ceric  Selenite. — a.  Lenion> 
ilourcd  powder,  which  parts  with  its  aciil  when  ignited. 

b.  Bi-selenlle. — Formed  by  dissolving  the  salt  a  in  aqueous  selcnioua 
Bid.     The  solutiou  dries  up  on  evaporation  to  a  yellow  varnish,  which 
water  when  heated,  and  becomes  white,  opaque,  and  crystalline, 
lie  iu  water.  (Berzcliu.«i.) 
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Cmmsth  xxd  loncrx. 


lonniE  or  CiBirat — A  aalatiaB  iif  protexide  of  eerinra  in  ;i(|uooas 
,iiydriodic  aci<l  (««■■■••  nlaw4  ««  ermfofitiw,  bom  «»p(iratioD  uf  ludiDe, 
^   '  \aKwm  «ene  taaie  afior  ^gsitiaB.  (Mnager.) 


Count  ASS  Bsoams. 

A.  BRoanoe  op  CcHnm,  aail  HrmMBVOMATC  of  Cpnors  Oxrot 
— The  rolourlvsH  M>latjun  of  eerie  oxid«  in  aqueous  !iy'!r"lin«iiiif  iirid 
vieltls  KmaJI  crrstal*  on  enpontion;  wnA  U  the  erapori'  "J, 
jt  ovolrcs  liynrobromic  acid,  and  1(«tcs  a  eoliii,  hi_  •  ol 
rcaului",  wliicli,  when  bested,  become*  tenacioas  nnil  then  soliilitiea  apun. 
WliPti  this  residue  is  «tri)n;?l_v  ignited,  the  bromine  is  j>artiaJly  (^xpeileJ, 
luid  au  insoluble  oxybrvmiJc  0/  ctri»iM  remains,  which,  on  the  additiuo  of 
nitric  ncid,  evolves  bromine.  (Deithemot,  Ann.  Chim.  Phyt.  44,  3l>3.) 

B.  Bkomatb   op   Cbrotts   Oxide,    or  Ceroct    Bromatk. — A  hoi 

saturatetl  fiolution  of  cerous  sululiale  is  precipitated  by  an  equivalent  qu«n- 
titjr  of  bromat«  of  barjta,  and  the  Gltratc  concentrateil  under  (lie  evspo- 
ratin)(  rcwivcr  over  oil  of  vitriol.  Colonrle«,  laminated,  .and  fibroas  cm- 
tals,  with  yellow  spots  here  and  there:  they  do  not  effloresce,  even  when 
]c«pt  for  ft  lengthened  jieriod  under  the  receiver,  and  leave  eerie  oxiJe 
~"  "      ignition.     Readily  soluble  in  water.  (Rammelsberg,  Pogg.  55,  63.) 

Crystallized.  RammrUberg. 

CeO     „,„,     S'I'O     ....     2385         ....         24-08 

BrO»    „ I19'4     ....     52-30 

6HO    „ 54-0    ....     23-96 

C«0,  llrO»  ♦  t.\4 226-4     ....  lOO'OO 


CsuPK  urn  Chi/>iune. 

.  A.  OmmmMI  •»  Cllinni.«~C»ri«in   boms  vividly  when  heat«d  in 
in*  fra&  (^Moaaader.)   CUona*  ^lawad  over  ignited  eerie  oxide,  fornu 

i<l»  vt  rvnaitt,  aiiswl  Im>««v««  wiUi  vxid«;  a  small  quantity  of  whits 

oxvckloride  U  als»i  mUitiKvi.  iBwi^gvr. )  Prrp<tralio)i. — 1.  Heated  sul- 
phide of  cerium  is  d<!*«>nii^^--'-'  ''v  .frv  .i, I. .,;....  ,„,,  (III.,  2(;7,)  If  all 
the  atmo*ph«rio  air  is  no;  ic  before  the  siilphido 

is  hoHted,  an    infu.siblo  nii.\i.4iv   ><■  .  t>u^i»tiog  of  chluride  and 

protoxide  of  cerium.  (Mojnnder.) — i  u  of  protoxide  of  cerium  in 

nvdroehloric  acid  ia  cvajwratiHl  to  drviu-,-,  ;iiut  the  addition  of  sal-ammo- 
niac; and  the  nmmouiacal  salt,  toj^ether  with  the  lust  trace  of  water, 
Oxpollod  by  expoiiure  to  a  strong  heiit:  it  n  htx-t  to  heat  the  substance 
in  a  ^la«js  tulH>  through  which  a  mpid  currcut  of  dry  chlorine  is  made  to 
—Ml   (Bcrinpcr.) 

White.  [Hirous,  Aisibl*  at  a  T»i  he»t.  (Mo^nder.)     Setnifiisod  mass. 
nk>rin/::er.)     FotrM^ium  and  stxl-  -   it   with   the  aid   of  beat 

fMosandor),  but  without  prwduv.  i^iiition.  (Beriuger.)    Per- 

fectly solublo  in  water. 
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H  CalcnUtion.         Beringer.  Or:  Binnger. 

"- 460        56-51         66-55  CeO   54-0       66-34         66-S76 

P  35-4         43-49        43  45  MuO» 27  4       33C6        3:1624 

CeCI 61-4        100-00       10000  ei-4     100-00       100-000 

HydraUd  Prolochlor'uh  of  Cerium,  or  Cerova  Hydrodiloratt. — Fonned 
hj  dissolving  the  bydrate  or  carbonate  of  ceruus  or  cerio  uxidc,  in  boiling 
hjrdrocblorie  acid,  ancl  evaporating  to  a  syrupy  consistence.  Pale  rose- 
coloured  crystals  (Vnuqiiclin,  Beriuger);  colourlcas,  four-sided  prisma 
(Hisinger  it  Berzelius).  The  crystals  heated  in  a  retort  give  off,  first 
water  and  then  hydrochloric  acid  (if  hydrochlorate  of  eerie  oxide  is 
pr«?sent,  chlorine  is  likewise  ovolvod),  leaving  a  coraponnd  of  protochloride 
Mid  i5f>ni|nichloride  of  cerium,  or  ciToso-ceric  chloride.  (Bericlius.) 

Both  the  anhydrous  and  the  hydratcd  chloride  of  cerium  deliquesce 
in  the  air.  The  aqueous  solution  is  colourless,  but  soon  turns  yellow  on 
0X{K>9ure  to  the  air,  from  formation  of  a  cerio  salt.  A  solution  of  tbo 
■alt  in  ftlcohol  burns  with  a  green,  scintillating  flame.  (Berzelius.) 

B.  OxYcmoRiDE  OP  CERirM. — 1.  Remains  in  the  retort  after  heating 
tlie  hydrated  chloride  of  cerium.  (Berzelius.) — 2.  Formed  during  the 
decomposition  of  sulphide  of  cerium  by  chlorine,  if  the  air  be  not  com- 
pletely exclu<lod.  (Mosander.)  White;  turns  yellow  when  moistened 
and  exposed  to  the  air.  Insoluble  in  acids.  Decomposed  by  fusion  with 
alkalis.  (Berzelius.)  Leaves  pure  cerio  oxide  when  strongly  ignited  in 
aa  open  vessel.  (Beringer.) 

C.  HrnRATED  SnsQricnLoninE  op  CnnirM,  or  Ceric  HrDROCHto- 
RATE, — The  reildish-ycUow  solution  of  ceric  oxide  in  cold  hydrochloric 
acid — the  acid  being  in  excess — evolves  chlorine  gas  on  the  slightest  ele- 
vation of  temperature,  and  assumes  a  golden-yellow  colour  ;  it  is  after- 
wards found  to  contain  a  mixture  of  protochloride  and  se8<|uichl<iride  of 
cerinm  (or  hydrochlorate  of  ceroso-ceric  oxide):  after  prolonged  ebullition, 
protoehloride  of  cerium  alone  remains.  (Berzelius.) 

Cerium  and  Flcorine. 

A.  Protoplcoride  of  Cerium. — Formed  by  precipitating  pnto- 
cliloridc  of  cerium  with  an  alkaline  fluoride.  White,  insoliibio'  in  water. 
(Berzelius.)  It  is  only  partially  reduced  by  exposure  in  a  heated  state 
to  a  toixture  of  hydrogen  gas  and  vapour  of  potassium.  (Musauder.) 

B.  SEsqriFLConiDE  op  Ci:nirM. —  Prepared  in  a  similar  manner. 
Yellow,  and  int^oluble  in  water.  Occurs  in  six-sided  prisms,  mixed  with 
half  il8  weight  of  protofluoridc  of  cerium;  also  with  fluoride  uf  yttrium 
and  fluoride  of  calcium,  as  Tttrocerite. 

flydraUd  ScKjuiftuoridf  with  Setquioxide  o/ Ct'riiim,  OT  Sfsqill-hi/dfO- 
fuaU  of  Crric  oxide  (Ce=F',  Co'O'  -h  3Aq  =  2Cu0'0',  SHF),  occurs  as 
Baiic  Fluoride  of  Cerium, 

Ceriitm  and  Nitrogen. 


A.  NrTRATK  OP  CERors  Oxide,  or  CERors  Nitrate.— The  solution 
eraporotod  to  the  consistence  of  syrup,  yields  colourless,  tabular  cry»tal«. 


I 
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(B«r«clitt*.)  Berineer  did  not  obtain  way  crj«tals;  Vanquelitt,  onlj  frm 
Bti  acid  eoliitioD.  When  ignite<l,  it  leaves  eerie  uxide.  DisBolre*  Kaiiij 
in  wut«r  and  in  8  parts  of  alcohol  ( VaU'iuelin.) 

B.  NiTBATE  OP  Ceric  Oxide,  or  Ceric  Nitrate. — Tlie  oxide  dis- 
mItm  in  nitric  acid,  slowly  and  wiib  difficalty,  giving  rife  to  a  nHiditb- 
yellow  solution,  which  becomes  colourleas  when  diluted.  (KJnproth.)  By 
OTn|Kirntion,  a  reddish-yellow  crystalline  mass  is  obtained,  resenblisg 
honey  in  appearance,  and  absorbing  nioistare  from  the  air.  (Berzelitu.) 

C.  Carbonate  op  Cerous  Oxide  and  Ammonia. — Carbonate  tf 
crrous  oxide  is  slightly  soluble  in  an  aqaeons  solution  of  carbontt*  «f 
auiroouia.  (Bcrzclios.) 

U.  SrLPH.vTK  op  Cerous  Oxide  and  Ammonia. — The  solutions  uf 
the  two  ^aits  do  not  become  turbid  immediately  on  being;  mixed;  bnt  in 
tlio  course  of  24  hours,  small  crystals  are  dej)osited.  The  double  salt  is  »lso 
sp(iunited  in  the  form  of  a  crj'stalline  powder,  by  boiling  the  mixed  solu- 
tions; it  may  l>o  purified  by  re-solution  in  water  and  crystalliralion. 
Pale,  roso-colourcd,  obtuse  rhombohedrous,  sotablc  in  water.  (Beringer.) 


Cerium  and  Potassium. 


The  oxides  of  cerium  do  not  combine  with  potash,  either  in  the  wet  or  ia  | 
the  dry  way. 

A.  Carbonate  op  Cerous  Oxide  and  Potash. — Cerous  oxide  may 
be  fuK(>d  with  ctirltonate  of  potash:  the  compound    dissolves  in    water, 
fnrminjr  a  yellow  solution.    A  similar  liquid  is  obtained  by  di.ssolving  the  ! 
livdrate  or  carlionate  of  cerous  oxide  in  an  aqueous  solution  of  carlMinate  ] 
of  potash.     Acids  precipitate  the  cerous  oxide.  (Hislnger  &  Bcrzclius.) 

B.  Carbonate  of  Curio  Oxide  and  Potash. — Carbonate  of  potaskl 
dissolves  a  small  quantity  of  hydrated  c«ric  oxide.  (Bcrzelius.) 

C.  Sulphate  of  Cerous  Oxide  and  Potash.  —  Precipitated 
mixing  the  solution  of  a  cerous  salt  with  sulphuric  acid  and  potash:  e.  y. 
a  concentrated  solution  of  a  cerous  salt  with  a  solution  of  sulphate  ol 
polusli  or  with  crystals  of  sulphate  of  potash.  The  precipitation  is  nol 
prevented  by  excess  of  acid,  but  does  not  take  place  if  the  solution  is  too 
dilute.  According  to  Th.  Scheerer,  any  sesquioxide  of  iron  which  may  be 
prcsont  in  the  liquid,  is  carried  down  with  tiie  double  salt,  and  give* 
H  n  yellow  colour.  The  double  sulphate  is  also  prccijiitated,  when  » 
mass  of  cr3'stallized  sulphate  of  potash  is  suspended  in  the  solution  of  a 
cerous  salt;  and  by  arranging  iho  crystals  of  sulphate  of  potjtsh  so  that 
they  may  reach  to  the  surface  of  the  liquid,  the  whole  of  the  cerium  ma^ 
l>e  separated  in  combination  with  the  potash,  The  double  salt  is  precipi- 
tated in  the  form  of  a  white  powder,  which,  iiftcr  being  purified  with  cold 
water  and  dissolved  in  boiling  water,  is  dopo.sited  in  small,  colourless 
crystals.  (Berzelius.)  The  lioiible  salt,  when  precipitalod  1  '.ug 
a  mass  of  crystallized  .>^ulphatc  of  potnsli  in  a  cerium  solntii':  ■;  u 

^■tut'ly  sep:kraie<J   by 


slight  excess  of  sulphate  of  putitsu,  which  is 
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washing  and  reorystuUization.  (Beringer.)  It  fuses  at  a  red  beat  without 
decompoEition.  (Berzelius.)  If  the  double  salt  is  fused  with  three  times 
its  weight  of  carbonate  of  soda,  and  the  moss  erhuusted  with  w.iter, 
eerie  oxide  remains,  free  from  sulphuric  acid,  but  not  easily  soluble  in 
iMiling  hydrochloric  acid.  (Beringer.)  From  a  hot  aqueous  solution  of 
this  salt,  caustic  potash  or  carbonate  of  potash  precipitates  hydrated 
«erous  oxide  mixed  with  basic  cerous  sulphate,  unless  the  mixture  is 
di^btcd  or  boiled  for  a  considerable  time;  in  that  case,  all  the  sulphuric 
acid  is  separated.  Sulphuric  and  other  acids  dissolve  the  double  salt,  at 
tbe  same  time  converting  the  normal  sulphate  of  potash  into  bisulphate. 
Boiling  water  ilissolves  the  double  salt  rather  freely;  cold  water  but 
slightly;  and  water  saturated  with  sulphate  of  potash,  uot  at  all,  (Ber- 
sfHds.) 

D.  StTLi'n.^TE  OF  Cf.ric  Oxide  and  Potash.  —  Precipitated  by 
nixing  eerie  sulphate  with  a  small  quantity  of  potash  or  sulphate  of 
potash;  it  has  an  orange-yellow  colour,  and  is  difGcullly  soluble  in  water. 
(Hisingcr  it  Berzeiius.)  Separates  from  a  hot  aqueous  solution  in  dark 
yellow  crystals.  From  a  solution  of  this  salt,  potash  throws  down  pure 
eerie  oxide ;  ammonia,  however,  and  carbonate  of  ammonia  or  {>otaab, 
precioitate  eerie  oxide  mixed  with  sulphuric  acid.  (Berzeiius.)  The 
double  salt  is  thrown  down  as  a  sulphur-yellow  precipitate  from  a  solu- 
tiou  iif  eerie  oxide  in  nitric  acid,  on  the  addition  of  sulphate  of  potai'h  ;  if, 
however,  the  nitric  acid  solution  be  previously  boiled  or  mixed  with 
hydrochloric  acid,  suljihato  of  potash  produces  a  white  precipitate,  (Tk. 
Scheerer,  Pogg.  56,  499.) 


Ceridu  and  Sodium. 

The  oxides  of  cerium  do  not  combine  with  pure  soda. 

'  A.  and  B.  The  protoxide  and  scsqaioxido  of  cerium  form,  with  a 
eolation  of  carbonate  of  soda,  a  compound  similar  to  that  which  they 
form  with  carbonate  of  potash.— The  oxiden  do  not  unite  with  carbon 
of  soda  before  the  blowpipe. 

C.  and  D.  Borax  or  phosphate  of  soda  and  ammonia  yields  with  cerio 
oxide,  a  clear  glass,  which  is  deep  red  while  hut,  but  becomes  colourless 
on  cooling;  when  heated  in  the  inner  ilame  of  the  blowpipe  with  an 
excess  of  eerie  oxide,  it  forms  a  yellow  enamel,  (Berzeiius.) 

E,  ScLPHATE  OP  Cerojts  OxiDE  AND  SoDA, — From  a  solution  of 
c«roiis  sulphate,  a  saturated  solution  of  Glauber's  salt  precipitates  tbe 
doable  s.ilt,  rendering  the  liquid  turbid;  by  boating  the  mixture  to  the 
boiling  point,  the  cerium  is  completely  precipitated.  Or,  if  crystallized 
(ilaubcrs  salt  is  suspended  in  a  solution  of  cerous  sulphate,  nearly  all 
the  cerium  is  separated  in  the  form  of  the  double  sulphate.  (Beringer.) 

Calculation.  Beringer. 

N»0    31-2     ....     12-0-J  ....  12-694 

2CeO  1080    ....    41-67  ....  41-248 

3SO»   120-0     ....     46-29  ....  40-OJ8 

N»0,SO>  +  2(CeO,SO')    259-i    ....10000     ....  VOQ-Wtt 
TOt,  TJl.  T 
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IT  CERinM  AMD  Calcium. 

Carbonate  op  Cerous  Oxide  and  Lim& — Occnn  native  in  PmvUe, 
a  new  ceriurn  mineral  discovered  in  New  Granada,  by  L.  Spada.  Bdongi 
to  the  rhombohcdral  svateni  of  crystallitation.  It  forms  bipyiamiiuu 
dodecahedrons,  the  angles  at  the  lateral  edges  being  120°  34',  and  at  tha 
edges  of  the  base  164''  58';  hence  the  ratio  of  the  axes  =  1  :  0*1521 
Hardness,  between  felspar  and  apatite;  specific  gravity  ^  4*35.  Coloar 
greenish-yellow,  with  a  tinge  of  red,  like  that  which  occurs  in  many  tint 
ores.  Fracture  yellowish-white,  of  a  glassy  lustre  and  sliehtly  concboidiL 
Transparent  in  tliln  laniincc;  thicker  pieces  appear  highly  translucent  at 
the  edges.  When  heated  in  a  glass  tube,  it  evolves  water  and  carbonie 
acid,  acquires  a  cinnamon  colour  and  becomes  very  friable.  Before  tbe 
blowpipe,  it  is  infusible  and  incandescent;  with  borax  it  forms  a  velloT 
bead,  which  becomes  colourless  on  cooling.  DifBcultly  soluble  in  hydro- 
chloric acid,  producing  effervescence.  Contains  in  100  parts:  cerium,  in, 
5078,  calcium  8-29,  fluorine  5-49,  oxygen  955,  carbonic  acid  23'50, 
water  3-38  =  8  (CeO,  LaO,  DiO;  CaO)  C0>  -I-  (CeO,  LaO,  DiO)  HO  + 
2Ca  F.  (Bunsen,  Ajin.  Pharm.  53,  147.)  l 

Cerium  likewise  combines  with  iron. 


Chapter  IX. 

LANTHANUM. 


Mosander,  Fogg.  48,  648;  47,  207;  56,  504. 
Watts,  Qu.  J.  ofChem.  Soc.  London,  2,  131. 


nittory.  Mosander  discovered,  in  1839,  that  the  oxide  of  cerium, 
as  then  prepared,  contained  (besides  oxido  of  didymium)  another  metallic 
oxide,  which,  on  account  of  its  having  so  long  escaped  notice,  he  named 
Lantuanum  (from  a»»Si»h»»,  to  lie  hid). 

"  urces.  This  metal  appears  to  be  invariably  associated  with  cerium. 
It '  jcunlingly  found  as  oxide  of  Inntlmnum  iu  Ccrite,  Euxenite,  Mona- 
zit     .he  Gadolinite  of  Ytterby,  Tschcwkinite,  Mosandrite,  &c. 


oxu;e  op  lanthanum. 
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I'rrparation.  A  solution  of  osido  of  lanthanum  in  hydrochloric  acid 
ia  cvapiirutcJ  to  dryness;  tho  roBidue  heated  in  a  current  of  hydrochloric 
acid  pan,  to  render  it  porfeclly  anhydrous;  and  the  chloride  of  lantha- 
uiiin  decomposed  by  sodiiiui  with  thu  aid  of  heat.  The  resulting  chloride 
of  sodium  18  then  dissolved  out  by  alcohol  of  specific  gravity  0-833; 
lli«j  small  (junntity  of  oxide  of  lanthanum  produced,  wiished  away  from 
i.'tal;  the  tinely-divideil  lanthanum  dricil  liy  prcsiiirc  between  folda 
tting-paper,  aud  linally  in  vacuo  over  oil  of  vitriol.  (Mosander.) 

Pi-opertie*.     Dark  lead-grey  metallic  powder,  soft  to  the  touch,  and 
adhering  by  pressure.  (Mosander.) 

Atomic  ipeiffht :  44  3  (Rammelaberg);  36-15  (Choublne);  36-1  (Otto); 
below  that  of  cerium.  (Mosander.) 


Compounds  of  Lanthanum. 

LX!4T^A^DM   AMD   OxYGEN. 

A.    Oxide  op  Lanthanum.     LaO. 

Formation.  Lanthanum  is  slowly  oxidized  by  exposure  to  the  air. 
It  evolves  hydrogen  gas  .slowly  in  cold  water,  rapidly  in  hot  water,  and 
is  cuu Verted  into  a  viscid  hydrate  of  the  oxide.  (Mosander.) 

Prrparation.  The  hydrated  cerous  or  eerie  oxide  containing  lantha- 
Duni,  .and  f)rcpared  from  cerite  by  either  of  the  methods  1 — 10  (pp.  239 
—-20' 1 1  is  di&solved  in  nitric  acid,  evaporated  to  dryness,  and  ignited  until 
the  nitric  aci<l  is  expelled.  The  [wwdered  residue  is  then  digestcxl 
■  some  hours  at  a  gentle  heat  with  a  mixture  of  one  part  of  nitric  acid 
and  from  .jU  to  lUO  parts  of  water;  tho  nitrate  of  lanthanum  filtered 
fr.iii  the  eerie  oxide,  which  is  nearly  insoluble  in  tho  dilute  acid;  and 
.ate  of  lanthanum   precipitated  from  tho  filtrate  by  carbonate  of 

~ iiiia.     The  precipitate,  in  the  course  of  twenty-four  hours,  collects 

into  shining  scales,  easily  washed  on  the  filter;  and  from  these,  by  drying 

and  prolonged  ignition,  oxide  of  lanthanum  is  obtaine<l.  (Mosander.) — A 

■mall  uwantity  of  eerie  oxide  is  invariably  pre^ent  in  the  nitric  acid  solu- 

tliu  presence  of  the  lanthanum  seeming  to  increase  its  solubility. 

■iidcr.)     Tho  presence  of  a  basic  salt,  or  of  an  :dkali,  also  favours 

lU  -ulutioD.     On  this  account,  the  oxide  of  lanthauum  prepared  as  above 

niut  be  dissolved  in  hydrochloric  acid — tho  solution  neutralized  as  exactly 

with  ammonia — acetate  of  aramouia  added — and  lastly  oxa- 

iiionia.     The  precipitate  thus  formed  is  to  be  collected  on  a 

1  (tit/,  p.  2.50,  not©);  the  turbid  liuuid  which  first  runs  through 

k;  the  oxalate  washe<l,  dried,  and  ignited;  and  the  remaining 

more  dissolved  in  nitric  acid,  which  still  leaves  behiud  a  small 

i  crric  oxide.  (H.  Schoerer,  /'offff.  50,  4!)8.) 

*}    'liip  lolutiiiu  obtained  by  this  process  contains  didymium  as  well 

Uii  JuniliLiniim.     It  has  already  bei-'U  obscrveil  that  the  oxide  of  lauthanum 

>  dilute  ucidj<  mure  roa<lily  than  tho  oxide  of  didymium:  hence 

"'•rio  acid  be  poured  off  from  time  to  time,  and  frcah  acid 

solutions  will  bo  richer  in  latithartuin,  vV\c  \i»&\. "vti  iXtVj- 

-i...  <-  ,;;<■  lint  portion  of  acid  be  poured  off  uilot  A  VaaacN^A.  ^J'a. 
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tbo  red-brown  oxide  for  a  few  minutes,  and  especially  if  it  be  kept  anica 
cool,  the  solution  obtained  contains  but  a  very  small  (juantity  of  djJ;  " 
iniuui.     Thia  is  a  very  good  way  of  obtaining  a  solution  of  lantliAO 
nearli/  pure. 

The  complete  separation  of  lanthanum  and  didymium  is  one  of  tl 
most  ditlicuU  problems  in  chemistry:  indeed,  tliore  is  no  method  kno 
by  which  this  separation  can  be  at  once  effected:  it  can  only  be  accol 
plishod  by  repeated  crystallization  of  the  sulphates. — 1.  The  sulpbnl 
of  lanthanum  and  didymium,  when  in  the  anhydrous  state,  dissolve  wi{ 
ease  in  a  very  small  quantity  of  water  at  temperatures  below  9"  C 
48°  Fah.;  and  when  the  solution  is  gently  heated,  the  sulphate  of  lontl 
num  crystallizes  out  first. — A  solution  of  lanthanum  and  didymium  fi 
from  cerium  having  been  obtained  by  either  of  the  methods  already 
scribed  (])p.  259 — 261),  the  mixed  oxides  are  precipitated  by  caustic  p 
n;-h,  and  the  precipitate,  after  washing,  dissolved  in  dilute  sulphuric  acii 
The  solution  is  then  evaporated  to  dryness,  and  the  residue  gently  hi 
in  a  platinum  capsule  to  drive  off  the  excess  of  acid,  and   render 
mixed  sulphates  anhydrous.     The  anhydrous  sulphates  arc  then  dissoiv^ 
in  rather  less  than  six  times  their  weight  of  water  at  a  temperature  I 
2^  or  3°  (36°  or  37"  F.),  the  salt  being  reduced  to  pow.ler  and  aildedf 
small  portions  at  a  time,  and  tho  vessel  containing  the  liquid  surriiuDdd 
with  ice-cold  water.     If  these  jjrecautions  were  not  taken,  the  tempen 
turc  of  tho  liauid  niisjlit  rise  above  9",  and  then  crystalli7.;ilion  wott(| 
commence  ana  rapidly  extend  throughout  the  whole  mass  of  liqnid: 
if  the  water  be  properly  cooled,  the  sulphates  dissolve  completely, 
solution  having  been   thus  obtained,  it   is  to  bo  gradually  heated  by  I 
water-bath  to  rather  more  than  -10^  (104"  ¥.).     The  sulphate  of  lonlf 
niim  then  crystallizes  out,  accompanied  by  only  a  small  quantity  of  I 
didymium  salt.      To  purify  it   completely,   it  must  be  again   rendeH 
anhydrous,  redissolved  in  ice-cold  water.  Sec,  tho  whole  process  bciq 
repeated  ten  or  twelve  times  before  the  sulphate  of  lanthanum  is 
tuined  quite  pure.     The  test  of  purity  is  perfect  whiteness:  the  smalld 
quantity  of  didymium  imparls  an  .imetliyst  tinge.  (Mosander.) — 2.  Wll 
nu  acid  solution  of  the  mixed   sulphates  of   lanthanum  and  didymia 
is  left  to   sp()ntallco^l.^  evaporation    in   a  warm    place,    tho    sulphate  of 
didymium  crystaliizos  out  tirst;  and  if  the  didymium   is  in  excesij,  two 
sorts  of  crj'stals  collect  at  the  bottom  of  the  vessel,    (a.)  Large  rose- 
coloured  rhombohedral  crystals  nioditied  with  numerous  secondary  fiici 
{li.)  Slender,  jirisniatic,  violet-coloured  crystals,  which  adhere  to  the  sid 
of  the  basin;  the  former  are  nearly  pure  sulphate  of  didymium;  the  laW 
consist  of  the  two  .sulphates  mixed.  (Mosander.) — Further,  if  the  TO 
coloured  crystals  be  removed;  the  viulct-crystals  redissolved;  the  solu- 
tion mixed  with  the  mother-liquid;  and  the  whole  again  subjected  to 
slow  evaporation — no  mure  large  crystals  of  didymium-.salt  are  oh' 
but  the  solution  yiebls  small   rhombohedral  crystals  of  a  violet  r 
and  by  taking  these  out — evaporating  the  liquid  still  further — and  i 
ing  these  openitions  three  or  four  times,  the  solution  at  length  b' 
perfectly  colourless — and  when  evaporated  to  dryness,  yields  a  col 
residue  of  sulphate  of  l.iuthannm.     The  solution  in  this  state  yieUlo  f-«g 
fectly  colourless  precipitates  with  alkalis,  alkaline  carbonates,  and  o^M 
late  of  ammonia.  (W.)     1  V 

Properties.     White  powder.     If  contaminated  with  oxide  of  didyniiiH 
it  appears  of  a  brick-red  colour  after  ignition,  but  becomes  grecnish-whfl 
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Wter  being  heated  to  redness  in  Lydrogeu  gas.  In  the  red  state  it  is 
lnore  easily  dissulvod  by  acids,  and  yields  a  solution  and  crystals  of  a 
ftddisL  culour;  in  the  greenish-white  state,  it  yields  greenish  Rolutions 
lad  crystals.  IT  When  perfectly  white  carbonate  of  lanthanum  in  small 
bmps  is  strongly  ignited  iu  an  open  vessel,  the  surface  of  the  lumps  turns 
jrown,  while  the  inner  portions  remain  white;  on  breaking  up  tho  lumps, 
tod  stirring,  to  renew  the  surface  of  contact  with  the  air,  the  whole 
beomcs  light  brown;  but  it  is  dilKcult  to  obtain  it  of  a  uniform  colour, 
h  a  platinum  crucible  with  a  closely  titting  cover,  carbonate  of  Inuth.inum 
■idergocs  no  change  of  ajipearance,  even  at  a  bright  red  heal.  Hence 
I  would  appear  that  the  brown  colour  just  spoken  of  is  due  to  the 
Irmation  of  a  higher  oxide,  rather  than  to  the  presence  of  didymium. 
Itrbonate  of  didymium,  when  ignited,  becomes  dark  brown  in  a  very  short 
■ne.  If  perfectly  white  carbonate  of  luntlianuui  is  dissolved  in  nitric 
pad,  tlie  solution  evaporated  to  dryness,  and  the  residue  ignited,  an  oxide 
I  obtained  of  a  uniform  brown  colour.  These  facts  seem  to  indicate  that 
■I  lirown  colour  is  essential  to  the  anbydroas  oxide  of  lanthanum,  and 
jnsnot  arise  from  the  presence  of  didymium.  The  brown  substance  may, 
IBWOver,  «.«  already  suggested,  be  an  oxide  of  higher  degree  of  oxidation 
ban  the  protoxide.  ( W .)  H  Oxide  of  lanthanum  is  not  decomposed  by 
ibtassinm.  (Mosander.) 

I  Combinations,  a.  With  water. — Hvdrated  Oxide  of  Lanthajhth. 
E-The  metal  or  its  oxide,  when  immersed  in  warm  water,  is  gradually 
pnverted  into  the  hydrate.  Potash  jirecipitntes  this  hydrate  from  the 
Ut8  of  lanthanum.  White;  turns  re<J<lcucd  litmus-paper  slightly  blue. 
pG  recently  prepared  hydrate  is  viscid  while  moist.  That  which  is 
Brown  down  by  potash  stops  up  the  pores  of  a  6Uer.  (Mosander.) 
I  Absorbs  carbonic  acid  from  the  air  with  great  rapi<lity,  so  that  when 
■(Aed  on  a  tiltcr,  it  is  generally  converted  into  carbonate,  before  tbo 
B>tfiir~  is  completed.  (Mosander.)  ^ 

I  h.  With  acids.— Salts  of  Lanthanum. — The  oxide,  even  after  strong 
nition,  dissolves  easily  in  acids.  When  boiled  in  solution  of  sal-ammo- 
Bac,  it  dissolves  and  drives  out  the  ammonia.  The  salts  are  colourless, 
neu  free  from  didymium.  Those  which  are  soluble  have  an  astringent 
•stc,  with  a  scarcely  perceptible  trace  of  sweetness.  Potash  precipitates 
Bc  hydrate  from  them  iu  a  very  viscid  state.  (Mosander.)  So  likewiso 
k  caucllc  ammonia  and  hj'drosulphate  of  ammonia.  The  precipitate  is 
pt  8<duble  in  excess  of  the  alkali.  IT  According  to  Mosander,  ammonia 
pvcipilatcb  from  the  solutions  of  lanthanum,  basic  salts  which  are  very 
^iaoiil  and  dissolve  in  pure  water,  forming  a  milky  solution  which  passes  ' 
liroiigh  the  filter.  If  the  basic  salt  is  left  for  some  time  on  a  filter, 
ft  absorbs  carbonic  acid,  and  a  neutral  salt  is  formed,  which  dissolves 
Bid  filters  through,  leaving  carbonate  of  lanthanum  behind.  IT  The 
kjmial  carbonate  or  bicarbonate  of  ammonia  or  potash  gives  a  white  jjrc- 
■nit:ite  insoluble  in  excess  of  the  alkaline  carbonate;  pho.sphatc  of  soda 
Inite ;  alkaline  oxalates,  a  white  powder,  not  dissolved  by  water  or  saline 
Uutious.  (Choubiue,  J.  pr.  C/trm.  26,  443.)  Sulphate  of  (lolush  does  not 
mtet  a  solution  of  lanthanum;  a  precipitate  would  iudicato  the  presence 
■  cerium.  (Mosander.) 


UXTIIANUM. 


B.    Peroxidb  or  LAJirojurvM. 


lb 


OklMiieil  oely  m  kjtdrau  by  precipiuiing  »  noutn)  Ealt  of  iMtUuoon 
vilk  peioxiiie  of  bariam.  Wliilc.  with  a  ycDowiah  tiut  ''.r..l,  ,l.U.  if'.img 
froat  didyiniaBi).     Loart  oxygen  ut  it  bocvmes  drr-     [1  ^ 

MltfUtMW  obiviMii  by  ignitiiu  ibe  OMboBftt*  or  tulratCj  tuu>  Oc  ;«i-i  ^-iM 
ia  lk«  aabjUiwu  •Uta.  (W.)J 


LAKTVAXtni  AXO  Cabboh. 


doreil  5n  »■ 


IQabboxate  of   Lasthascm. — Found   nntiye   in  smitll  crystalli»« 

cpi:t»inin:r  traces  of  protoxide  of  cerium   (Mosander) ;    formerly 

l^vrJed  a-  ■of  the  protoxide  of  curiam.     The  precipitate  yn- 

iti  ::iii;:  p')!iprei!i  nin  -  pitating 

»  but 

truul  '■ 

OMDblrte  cipiU^ion  of  the  carboaic   acid 

CMiltnued  ignitioD.  (ilosander.)     (  Vid.  p. 


lanthanum  by  alkaline  carbonates  is  praduiilly  cot>- 
-ystalliue  scales,  wl-.'- ' 
::iii;r  p')liprei!t   nin   - 

i,  but  iu  lUc  colli,  a  homy 
;.•  of  alumina.  (Bollcy)   Tki 
can  only  be  effected  bj  loDJ 
277.) 


LAXTBAHtni  AND  PaospnoRCs. 

PnoepBATE  or  Lanthaxoi. — The  white  precipitate  ■which  ordinuj 
dipbodphato  of  soda  produces  in  lanthanam  solutions  is  soluble  in  acii(' 
(cl)o«btne.) 


Lantbanum  akd  Svlpeur. 

A.  SuLPBiDE  op  La>'tba?(cm. — Lanthanum  ignited  in  an  aimo^ben 
of  bisulphide  of  carK^n,  forms  a  yellow  raass,  which  is  converted  by  cold 
vatcr  into  hydrated  oxiile  of  l.inthanum  aud  free  bydrosulphuric  acid' I 
(Mosander.)     If  1  part  of  oxide  of  lautlianum  is  ignited  with  3  parts  cfl 

hla  liver  of  sulphur,  and  the  pro<luct  exhausted  with  water,  a  ro<idiftb' 
yellow  residue  remains,  which,  when  examined  by  the  mlcroucopc,  il 
loand  to  consist  of  tran:^lucent  crystals.  (Beringer,  Ann.  fltarvt.  42,  139.] 

B.  Sulphate  of  LASTnAXUM. — The  »lt,  when  dehydratod  by  igni' 
tjon,  has  a  reddish-white  tint,  and  contains  ri6'642  per  cent,  of  oxide 
I.intiununi,  and  43358  of  acid.    The  hydrate<l  crystals  arc  of  an  r? 
n>(i  rtilour.  (Ramraelsl>erg.  Pogg.  55,  C'l.)     [The  reddish  hue  is  • 

.didymium.]     The  cr\'8taU  belong  to  the  right  prismatic  system.      ><.>-^> 
liombic  prisms,  having  their  acute  lateral  edges  and  their  acute  summt 
runcated;  therefore,  with  u,  I.  and  t-faces ;  «'  :  u  =  i^B"  3G'.  (Bollcy,  Atiit 
PAamn.  33,  12C.)     f  Cr^'stallices  in  small  six-sido<l  prisms,  with  hen 
onal  summits,  containing  3  atoms  of  water.     It  is  much  less  soluble  ii 
rm  than  in  cold  water;  nt  2"  or  3'  it  dissolves  iu  6  parte  of  water 
23',  in  42  J  parU:  and  at  100"  il  re4uire8  ll.'i  parts  for  solution.  ( F'l. ' 
276.)     At  a  strong  roil  heat,  it  loses  half  it*  acid,  and  is  converted  in 
JMoI 


I, ,  „* 


liMoluble  basic  salt.  (Mosander.)  T 


SULPHATE  OP  LANTHANUM  AND  POTASH. 


Lanthanum  akd  Bromine. 
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Bromatb  of  Lanthanum. — Broiuate  of  baryta  is  precipitated  by  au 
equivalent  qnantity  of  sulphate  of  lanthanum,  and  the  filtrate  concentrated 
under  the  evaporatin';  receiver,  over  oil  of  vitriol.  The  pale  amethyst- 
coloured  crystals  contain  2.367  per  cent,  of  oxide  of  lanthanum.  Al  100° 
they  We  1«  (»H  per  c«nt.  of  water;  at  160'  (320"  F.)  altugether,  2038 
per  cent.  At  a  somcwliat  higher  tcmpemturc,  they  rapidly  evolve  vapour 
of  bnimine  and  oxygen  gas,  and  leave  a  white  bulky  residue  consisting  of 
~  mixture  of  bromide  and  oxide  of  lanthanum,  in  which  the  bromine 
lounts  to  29'3C  per  cent.  (Rammelsborg.)  The  crystaLs  exactly 
'resemble  those  of  cerous  sulpkatc.  (Beringer.) 

Lanthanum  and  Chlorine. 

CHLnRiDE  OP  Lanthanum. — 1.  The  hydrochloric  acid  solution  of  tho 
oxide  evaponifed  and  heated  in  a  current  of  hydrochloric  acid  gas  till 
rendered  perfectly  anhydrous,  leaves  chloride  of  hiiithauum.  (Mosunder.) 
—2.  100  parts  of  oxide  of  lanthanum  ignited  in  a  tube  through  which  a 
current  of  hydrocblorio  acid  gas  is  passed,  yield  162'0U  parts  of  chloride 
of  lanthanum.  (Choubine.)  Chloride  of  lanthanum  is  very  soluble  in 
water  (Mosander);  the  solution  yields  pale  rosc-colourod,  hydratod  crys- 
tols  (Beringer);  perfectly  white  when  pure.  (W.) 

Lanthanum  and  Nitrogen. 

Nitrate  op  Lanthanum. — Very  solnblo  in  water.  (Mosander.) 
^  Readily  soluble  also  in  alcohol.  Crystallizes  in  deliquescent  coluurleas 
prisms.  The  solution  evaporated  at  a  temperature  above  30",  yields  an 
opaque  white  mass.  When  carefully  heated,  so  that  water  is  alone 
expidled,  it  fuse.s,  and  solidifies  to  a  colourless  glass  on  cooling.  If  the 
heat  if  raised  so  as  to  drive  off  a  portion  of  tho  acid,  a  fu^cd  moss  remains, 
consisting  of  neutral  and  basic  suit.  On  cooling,  it  solidities  and  forms  a 
iort  of  enamel,  which  almost  immediately  afterwards  crumbles  to  a  bulky 
white  powder,  and  with  such  force,  that  particles  are  scattered  about  to  k 
di£tance  of  several  inches.  (Mosauder,  Ann.  I'/iarm.  48,  210.)  IT 

Lanthanum  .and  Potassium. 

Sulphate  of  Lanthanum  and  Potash. — Sulphate  of  potash  doei 
not  proci]>itnto  the  liinthanum-salts ;  the  double  salt,  however,  is  but 
spHriiigly  «(duble.  (Mosamlcr.)  According  to  Th.  Schcercr.  tho  soiu  of 
Untluijuum  form  red  or  yellow  precipitates  with  sulphate  of  polaeh. 

Chouliiiir. 

Putnili 27-48 

Oxi<lc  of  L&ntbaiiuin  ....     2.'i-69 
bulpburic  Acid    46-08 

»9e5 
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1   CnAPTER  IX.  (a.) 


DIDYiMIUM. 


Mosander,  Poffc/.  56,  504 j  PfiU.  A/arf.  J.  28,  241;  abstr.  Ann.  I'har. 

48,  210. 
Watts,  Qu.  J.  qfChtm.  Soc.  2,  131. 


This  metal  was  discovered  by  Mosander  in  1841.     It  appears  to  bs 
always  aseociated  with  cerium  and  lanthanum,  nnd  thcrcfure  occurs  'H 
Cerite,  Ortliite,  Monazite,  &c.    It  has  not  yet  been  obtained  iu  the  mctaU 
state;  neither  has  its  atomic  weight  been  ascertained. 

Oxini;  OP  DiDYMiUM. — Pre-pnratinn.  The  oxides  of  lanthanum  so 
didymiunj  having  been  freed  from  coriuiu  and  converted  into  sulpliatei 
the  solution  of  the  mixed  «ulphates  is  acidulated  with  sulphuric  acid  an 
left  to  evaporate  in  a  ■narm  phic-e.  Two  sorts  of  crystals  then  separati 
vir.,  large  rose-coloured  rhunibufii'ilral  crystals;  ana  blender,  prismutil 
violet  crystals;  the  funiier,  which  tire  nearly  pure  sulphate  of  didyniintj 
are  to  bo  pickeil  out,  and  purified  by  rccrystallization.  [Mosander  fif 
separates  the  greater  part  of  tlio  sulphate  of  lauthauuni  by  the  pro 
described  at  page  276,  then  acidulates  the  mother-liquor,  and  leaves  it  1 
evaporate.  The  crystals  of  sulphate  of  didymiam  may,  however,  bo 
once  obtained  from  the  original  solution  of  tlie  mixed  sidphntes,  wilho 
this  preliminary  process.] 

A  pure  salt  of  didymium  having  been  thus  obtained,  the  oxide  mi 
be  prepared  by  precipitating  with  caustic  potash  or  oxalate  of  ammonil 
and  igniting  the  precipitate. 

The  anhydrous  oxide  is  of  a  dark-brown  colour,  but  not  unifnrm, 
some  parts  being  lighter  than  others;  this  is  particularly  the  case,  when  it 
has  been  obtained  by  igniting  the  hydnited  oxido  jirecipitated  by  a  caustl 
alkali.  At  a  whitu  heat,  it  loses  its  bruwu  colour  aud  becomes  dir 
■white.  Heated  with  raicrocosmic  salt  in  the  inner  blowpipe  flame, 
forms  an  amcthyst-coKiured  glass,  like  that  formed  by  titanic  acid.  Heati 
with  cnrbouiite  of  soda  on  platinum  foil,  it  yields  a  mass  of  a  greyisi 
white  tint.  The  lajdrated  oxide  is  of  a  violet  colour;  it  absorbs  carGonf 
acid  from  the  air,  but  less  rapidly  than  hydrated  oxide  of  lanthanum. 

Salts  of  Didymiim. — Both  the  hydrated  and  anhydrous  oxides  dn 
solve  readily  in  acids  whether  concentralcd  or  dilute.  When  boiled  wilj 
sal-ammoniac,  tbcy  are  also  dissoVved,  y(\l\\  c\o\u\aotv  o^  »m«i.\v>vCvo^W\\i 


SALTS  OF  iilDYMlUil. 
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dily  llian  oxide  of  lantlinoum.    Altogether,  oxide  of  didjmium  iii  a  less 
powerful  )ia$c  than  oxide  of  lanthanum.    This  cirrnmstancc  may  be  made 

»Bilablc  for  effecting  a  partial  separation  of  the  two  oxides  (vi'd.  p.  275). 
1  the  salts  are  coloured,  some  being  pink  or  rose-coloured,  some  amethyst 
■violet-coloured.   The  solutions  are  not  precipitated  bj' sulphide  of  ammo- 
im,  unless  a  large  quantity  is  added,  and  the  mixture  afterwards  heated; 
that  ca*e,  hydrosulphuric  acid  is  evolved,  and  a  red  basic  salt  precipi- 
I   tated.    Ammonia  likewise  throws  down  a  basic  salt,  which  may  be  washed 
without  passing   through  the   filter.      Potash  or   soda  precipitates  the 
Itydnitcd  oxide. 


Sulphate :  Appears  to  belong  to  the  doubly  oblique  prismatic  system. 
ITallmark.)  Crystallizes  from  :i  solution  containing  lanthanum,  in  rhoni- 
bedral  crystals  with  numerous  seconilary  faces;  but  when  these  crystals 
dissolved  and  the  solution  left  to  evaporate,  small  crystals  are  obtained, 
Iring  the  form  of  an  oblique  rhombic  prism  without  secondary  faces, 
appears  to  bo  the  form  nf  tlio  pure  salt.  (W.)  Dissolves  in  5  parts 
water  at  a  tcmpemturo  between  ]j-and20°.  The  anhydrous  salt 
solves  rapidly  when  thrown  into  water  by  .small  portions  at  a  time.  A 
saturated  solution  deposits  the  salt  in  cr3'stal5,  at  53^,  and  continues 
^deposit  a  larger  quantity  as  the  temperature  rises,  so  that  at  100^  C 
Hy  1  part  of  the  salt  remains  dissolved  in  50'd  parts  of  water.  It  is 
[out  decomposed  at  a  low  red  heat.  By  exposure  to  a  white  heat  for  an 
I  bour.  it  loses  two-thirds  of  its  acid.  With  sulphate  of  potash  it  forms  an 
[mmclhyst-coloured  salt,  which  is  totally  insoluble  in  excess  of  »u1pliate  of 
(Mosander.) 

[J^itrate:  Crystallizes  with  difficulty.    Deliquescent.   A  strong  sjTupy 

Ition  of  this  salt  has  a  beautiful  red  colour,  but  appears  violet-blue  by 

'  light.     It  cannot,  be  fused  without  lo.s8  of  acid.     The  solidiBcd 

koes  not  criimblu  to  powder  like  the  lanthanum  salt,  but  retains  its 

(Moeander.)  5 
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Chapteii  X. 

YTTRIUM. 


Gadolin.     Yttria.     CreU.  Ann.  1796,  1,  313. 

Eckcbcrg.     Yttria.     Scher.  J.  3, 187;  also  Crell.  Ann.  1799,  2,  65.— Fnr- 

thcr:  Srher.J.  9.  .';!»7. 
Klaproth.     Yttria.     Sclur.  J.  5,  531. 

Vnuqiiclin.     Yttria.    Schc.r.  J.  5,  5.52;  also  CreU.  Ann.  1801,  1,  227. 
Bcrzcliii-s.     Yttria.     ^'c/(?<'.  16,  250  and  404,  and  tn  Ai«£«Ar&u«A«. 
Wiililor.     Yttrium:     Po-ig.  13,  580. 
Berlin.     Yttria.     Pogg.  43,  105. 
Mosandcr.     Yttrium,  Erbium,  Terbium.     Ann.  Pkarm.  48,  219. 


Iliiiortj.  Yttria  was  discovered  in  1794  by  Gadolin,  and  farther 
examined  by  Rckcl>er^,  Klaprutli,  Vauquelin,  Rcrzclins,  and  Berlin. 
Wolilcr  obtained  from  it  the  metal  yttrinm.  IT  In  1843,  Mosander  disco- 
vorod  that  tbc  substance  hitherto  denominated  yttria,  and  regarded  as  a 
Himido  earth,  is  in  reality  a  mixture  of  three  different  earths,  one  of 
which  in  the  anhydrous  state  is  yellow,  while  the  other  two  aro  colour- 
less. Ffir  llic  stroii^'r-st  of  these  tlirce  bases  the  name  of  Yttria  is  retained, 
while  the  oilier  two  have  received  the  nsunes  of  Erhia  and  Terhia,— 
terms,  whicli,  as  well  us  Ytlrld,  are  formed  from  the  letters  of  the  word 
Yllrrlii/,  ihc  n;inie  of  tlio  lociility  where  the  mineral  Gadolinite,  the  origi- 
nal source  of  all  these  substances,  was  discovered.  The  following  descrip- 
tions (if  yttria  and  its  compounds,  as  far  as  page  290,  refer  to  the  mixed 
earth  to  which  that  name  was  originally  ap]>lied.  ^ 

Sources.  Very  rare.  Combined  with  fluorine  in  Yttrocerite,  and  in 
small  quantities  in  fluoride  of  cerium  and  in  Warwickite;  as  carbonate 
of  yttria;  as  jdiosphate  of  yttria:  as  silicate  of  yttria,  together  with  other 
silicates,  in  (Jadolinite,  C)rthit<>,  I'yrortliitc,  and  in  small  quantities,  in 
Pyrochlorite  and  Cerite;  as  titanate  of  yttria,  in  Polymignite;  as  tantalate, 
in  Yttrotanlalite,  Euxenite,  and  Fergusonite. 

I' re f  anil  ion.  Chloride  of  j'ttrium  and  flattened  globules  of  potassium 
ar((  arningcd  in  alternate  layers  in  a  platinum  crucible,  the  quantity  of 
])ot;tssiuni  not  being  (|uite  suflicient  to  docomj)ose  the  whole  of  the  clilo- 
ridc  of  yttrium;  the  cover  is  then  fastened  down  by  a  wire,  and  heat 
appliiMl  by  means  of  a  spirit-himj).  The  reduction  is  efl'ected  in  a  moment, 
and  with  such  violent  ilisengagenient  of  heat,  that  the  crucible  becomes 
white  hot.  When  the  whole  has  become  perfectly  cold,  the  cover  is  taken 
ofl',  and  the  crucible  tiirown  into  a  large  glass  of  water,  in  which  the  fused 
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chloride  of  potosslam  dissolves,  with  ovolution  of  a  small  quantity  of 
hydrogen  gas  having  a  faHid  odour;  and  the  yttrium  is  collected  on  a 
filter,  waiiLt<d  thoroughly,  and  dried.  (Wohler.)  Yttria  is  but  imperfectly 
•  l(r. imposed  by  vapour  of  potassium  at  a  white  heut,  (H.  Davy.)  The 
•loiilile  tluorioc  of  yttrium  and  pot;««iura  appears  to  bo  decomposed  by 
j"ii:iisium;  but  on  the  addition  of  water,  the  pure  yttrium  which  may  have 
been  separated  is  reoxidized.  (Berzelius,  Fogg.  4,  117.) 

Projtertict.  Dark-grey,  shining  powder,  consisting  of  5mall  scales, 
having  a  metallic  aspect  and  iron-grey  eolourj  under  the  burnisher,  it 
takcd  the  colour  and  lustre  of  irouj  it  appears  to  bo  brittle.  (Wohler.) 


Compowidi  of  TUrium. 

Yttbium  and  Oxtoen. 

Yttbia.     YO. 

Oxide  of  TUrium,  Gadolintrde,  Ytteirrde,  Gadoline, 

jFoi-mation,  Yttrium  does  not  oxidize  in  the  air  or  in  water  at  ordi- 
nary temperatures;  heated  in  the  air  nearly  to  redness,  it  burns  with  a 
daxzling  li^ht  and  forms  a  white  earth;  when  burned  in  oxygen,  it  exhi- 
bits one  of  the  most  splendid  combustions  known,  and  leaves  a  white 
X^siduo  showing  traces  of  fusion.  Yttrium  dissolves  readily  in  aqueons 
a<-i<Li,  with  evolution  of  hydrogen  gasj  with  greater  difficulty  in  solution 
of  |>ota«h;  and  is  insoluble  in  ammonia.  (Wuldor.) 

Trfparation. — 1.  One  part  of  Gadolinite  (containing  yttria,  silica, 

"protoxide  of  cerium  and  sesquioxide  of  iron)  is  digestcil  with  10  parts  of 

oil  of  vitriol  and  6  parts  of  water,  a  moderate  heat  being  applied  and  the 

liquid  frequently  stirred.     The  whole  is  then  evaporated  to  dryuess;  the 

T>e^i due  exnuusted  with  water  containing  a  very  small  quantity  of  hydro- 

cliloric  acid;  the  solution   filtered   from  the  Hilica;  again  evaporated  to 

•Iryness ;  and  the  residue  ignited  to  decompose  the  iron-salt  coutained  in 

It.      The  residue  is  next  boiled  with  24  parts  of  water;  filtered  hot  from 

'        ixide  of  iron;  again  evaporated,  ignited  and  treated  with  water;  and 

fr  ni  the  filtrate,  after  the  copper  and  manganese  have  been  sep.iraicd  by 

curvful  addition  of  sulphide  of  potassium  (a  larger  quantity  would  also 

Hji  irate  the  yttria),  the  yttria  is  thrown  down  by  ammonia  in  the  form 

'■!  iivcjrate,  which  is  rendered  anhydrous  by  ignition.  (Vauquelin.)     The 

■  I  i:i  precipitated  by  excess  of  ammonia  from  a  solution  containing  pot- 

•ind  8ul|diuric  acid,  invariably  contains  a  portion  of  these  two  sub- 

etanccs;  cerio  oxide  also  remains  mixed  with  it.  (Berzelius.) 

2.  Powdered  Gadolinite  i.s  dissolved  in  aqua  rcgia;  the  solution  cva- 

rated  to  dryness;  the  mass  exhausted  with  hot  water  acidulated  with 

yilrocliloric  iicid;  the  solution  filtered  from  the  silica;  mixed  with  a  eulfi- 

'■f  crvstallized  nulphatc  of  potash,  which  must  project  ubovo 

ilic  liquid;  and  left  to  stand  for  a  upace  of  2-1  bourn;  sulphate 

•  xi'lc  and  potash  is  then  precipitated  in  the  form  of  a  white  poW' 

whole  ix  then  thrown  on  a  filter  and  washed  two  or  three  tim 

d  with  siilpliute  of  potash;  the  filtrate  and  woithiufr^ 
-mmonia;  and  the  scMpuox\do  ot  'uov\  ■^TCo\i\Vi.V«A'y 


«A\»^^^ 
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rmitjv. 


tot  •aoBoaa.    Tke  Uttxti  li<|Bki  "— '-^J  m-T**^  --'-".niayieWi 
ptcdpitete  coocistiB^  of  hsric  »alpb»t«  •  li  »  anall 

ity  «t proitaui*  ct  — iig iwow! :  it  i»  rc|>rji<.ii>  wUlrUiU 

,  witk  neth  MaathiM  ti  m  dUotr  Mtlatioo  of  <^:  ammoDia, 

J  ■bmlmi,  n»A  vknred  to  etaod.     Tbe  csri>oinatc  of  vTina  .nssolred  in 
iBmmI  U  fneifitMiti  om  botliag  the  filtiale,  and  then  iimiUHl.  (^er- 
as.)    If  ma  igutiao  it  exkibiu  »  brown  tttstead  o(  a  ■ 
mr,  it  ooHtatac  mmagaatge.  To  get  rid  of  Ibis  impurity. 
nitric  acid,  erapontcd  to  iiyntm,  and  heated  in  a  tand-bath  tu  ik  . 

^. J  P^*  *>'  ^''^  ^7  *'Iu(^  BMaas  tbe  nitrate  of  manganese  ia  decom- 1 

pottd.     Tlie  vm»  i»  ihiea  diMoIved  in  a  very  groall  quantity  of  water;  I 

tlie  afaaost  ^rnpy  liqaid  filtered  tbroo^  paper;  Jiluteil;  mixed  witlij 

ammonja;  aad  tbe  tCMlting  bjrdiBte  exposed  to  a  red  heat.      Tbe  rojHH 

va  tbe  filter  euatainJB^  maagaBeee,  jields,  bj  washing  with  more  '*^^^ 

a  bruwn  solution,  which  may  be  again  evaporated  and  heated  to  sepaiswl 

the  matigant-K-.   (Beratlios. )  I 

3.  Gadoliuitc  is  tr«ate<i  with  aqua  regia.  Sec,  as  in  the  second  metW;  1 

tbe  solution  filtered  from  tbe  silica  dilated  largely  with  water;  nentraliteiJ 

with   ammonia;  precipitated  while  hot  by  succinate  of  luumonia;  aaU 

filtered  rapidly  (otherwise  succinate  of  yttria  will  be  precipitated  as  vclB 

as  succinate  of  iron).     The  61tnite,  reduced  to  a  smaller  bulk  by  evapoJ 

ration,  is  then  mixed,  as  in  tbe  second  method,  with  sulphate  of  potjaid 

the  solution,  separated  from  tbe  double  sulphate  of  cerous  oxide  and  poM 

ash,  digested   with  f>otash   in  excess;  the  precipitate  well  washed  aufl 

atrongly  ignited  (by  which  a  larf^e  quantity  of  sulphuric  acid  still  preeeoy 

is  driven  otf);  dissolved  in  dilute  nitric  acid,  which  leaves  scsqui-oxidoofl 

ecrium  and  peroxide  of  manganc;3e  untouched;  and  the   filtrate  mixefl 

with  just  enough  carbonate  of  so<la  to  precipitate  the  earth  (an  excess  <M 

the  alkaline  curb<iiiatc  would  redissolve  it).    The  carbonate  of  yttriii,  afta 

being  washed  :uid  ignited,  is  di&sulvcd  in  dilute  nitric  acid;  .ind  the  prccM 

pitalion  by  carlionnto   of  i^da.    ignition,  and   resolution    in  weak  adfl 

repeated  several  times,  the  nitric  acid  solution  being  l:L«tly  evaporatcii  tu 

dryne.'is  and  ignited;  or  mixed  with  oxalate  of  ammonia,  and  the  insolublM 

oxalate  of  yttria  washed  and  deconipose<l  at  a  red  heat.  (Berlin.)  I 

For  the  separation  of  yttria  from  tioiquioxido  of  iron,  Th.  Scbeertd 

(Foijij.  56,  4!)C)  roconnneuds  the  following  method:  The  acid  solution  ill 

neiitralincd  with  ammonia  till  it  becomes  of  a  dark  yellow,  hut  not  refl 

divh-rellow  colour  (in  the  latter  case  the  alkaline  oxalate  would  subiM 

quenily  give  a  yellow  precipitate  containing  iron);  a  large  quantity  tl 

solution  of  acetate  of  ammonia  is  then  added  to  the  mixture,  and  lastM 

oxalate  of  ammonia  in  sufficient  quantity  to  throw  ilown  the  whole  of  tia 

yttria  as  a  white  oxalate.     Tho  latter  is  then  washed  and  converted  iuM 

pure  yttria  by  ignition.     (If  oxalate  of  potash  is  used,  a  double  oxalaH 

of  vliria  and  potash  separates;  this,  after  ignition,  leaves  yttria  mixcMl  wid 

cariionate  of  potuch,  from  whieli  it  cnniiot  be  completely  jmrified  by  watcivl 

In  tlio  same  manner,  cerium  and  lauthaaum  nisy  bo  freed  from  sc^iquioxidl 

of  iron.  ^^H 

Pitipertm.  White  powder,  fusing  but  slightly  at  the  bigheat^^f 
porntures,  n«  in  the  combustion  of  yttrium.  (Woliler.)  Berzelius  ob|m 
till!  cnrth  of  n  pale  greyisli-yellow  colour;  never  wh:te,  nnless  it  reta'mera 
portion  of  sulphuric  aiid.  Berlin  found  it  to  be  yellowish  white  when  11 
the  purest  possible  slate;  tlio  specimens  preparcl  by  igniting  the  bydtall 
.    were  of  a  deeper  yellow  than  those  obtained  by  igniting  the  oi^yil 
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According  to  Th.  Schoorer,  also,  yttria  perfectly  free  from  manganese,  is 
yellow:  it  appears  white,  however,  during  ignition,  and  refrains  its  yellow 
colour  only  as  the  heat  falls  below  redness.  Schoerer  attrihutcs  this  colour 
to  the  presence  of  oxide  of  diilymium,  which,  when  strongly  heated  loses 
oxygen,  and  at  the  same  lime  its  peculiar  tint,  but  recovers  it  again  as  it 
eoola  (riV.  p.  280). 

The  specific  gravity  of  yttria  is  4"8-J2  (Eckeberg);  it  is  deittitute  of 
tmste  and  smell,  ami  has  no  cftect  on  vegetable  colours.  It  is  but  slightly 
decomposed  by  exposure  to  the  vapour  of  potassium  at  a  white  heat  (H. 
Djivy);  nor  is  it  affected  by  ignition  with  charcoal  in  the  heat  of  the  most 
powerful  forge  (Gadolin). 

Calculation.  Benelioa. 

Y   32        ....  80  801 

O    8         ....  20  lU-9 


YO.. 


40 


too 


100-0 


Comhinnllons.  a.  With  Water. —  Hydrate  or  Yttria. — Chloride 
of  yttrium  or  acetate  of  yttria  is  precipitated  by  caustic  potash.  By 
unuionia,  the  yttria  is  not  completely  separated,  because  the  anunoniacal 
•alt  which  is  formed,  retains  a  portion  of  the  earth  in  solution,  (liorlin.) 
Prom  nitrate  or  sulphate  of  yttria  the  alkalis  throw  down  a  basic  salt. 
(BcrzoliuM.'j  The  precipitate,  which  is  very  bulky,  becomes  milk-white 
and  opaf)ue  when  dry.  (Berzelius.)  It  shrinks  together  etrongly  when 
tlrifd,  and  at  the  same  time  loses  its  pure  white  appearance,  and  abjorbs 
Carbonic  acid.  (Berlin.)  According  to  Klaproth,  it  contains  31  per  cent. 
«f  water. 


b.  With  Acids,  producing  the  Salts  op  Yttria.     The  affinity  which 
this  larth  manifests  towards  acids,  is  less  than   that  of  the  alkalis  or  of 
TOa;;iiesia ;    the   hydrate   of   yttria,    however,    decomposes   ammouiacal 
lis  at  a  boiling  heat,  an<l  dis.«olvc8.  (Berzelius.)     The  yttria-salt«  are 
lourless.     The  re<ldi8h  tint  frequently  observed  in  them  is  owing  to  the 
mixture  of  a  salt   of  didymium.    (Mosander.)     Berlin    obtained   the 
r|)osu!phatc,  nitrate,  and  acetate  of  yttria,  and  the  chloride  of  yttrium 
perfL-ctly  free  from  colour;  in  the  sulphate  only  a  slight  shade  of  red  was 
olkscrvcd  to  exist. — The  suits  of  yttria  have  a  greater  specific  gravity 
than  tliose  of  the  other  earths.     The  soluble  salts  of  yttria  arc  for  the 
most  part  crystallizable,  have  a  sweet  and  somewhat  astringent  taste, 
and  redden  litmus-paper.     They  part  with  their  acid  at  a  red  heat,  pro- 
Tided  the  acid  is  of  a  volatile  nature.     From  solution.s  of  yttria-sulta,  the 
catiittic  alkalis  throw  dowu  a  white,  voluminous,  floculcut  precipitate,  con- 
■  '"iT  partly  of  hyilrate  of  yttria,  and  partly  of  a  basic  salt;  the  preci- 
is  not  redissolved  by  an  excess  of  the  alkali.     The  alkaline  snl- 
liiii'ics  produce  a  similar  result,  with  evolution  of  sulphuretted  hydrogen. 
(Ber/.fliu.^.)     According  to  Klaproth  and  Vauqueliu,  the  monohydrosul- 
I>li:i(e.s  of  the  alkalis  do  not  affect  solutions  of  yttria. — The  carbonates  of 
aniiiii)ul;i.  pot-Oiih,  or  soda  preci[>itatc  the  earth  in  the  fonu  of  carbonate; 
monocarliouate  of  i)Ot,ash  or  of  soda   in  excess  redissolves   the  precipi- 
tate in   very  small  ipuintities ;  scsquicarbonato  of  ammonia  and  bicar- 
Ixiiirite  of  potash,  in  somewhat  larger  quantity.  (H.  Rose.) — Ordinary 
'lijifKiapliate  of  8<Hla  gives  in  a  solution  conUiining  7iot  less  than  one  part 
I'  in  1000  parts  of  water,  a  white  precipitate,  which   is   soluble  in 
M-hloric  aci'l,  and  appears  again  ou   boiling. — Sulphate  of  potash, 
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added  to  a  rather  concentrated  solution  of  yttria,  produces,  nftnr 
time,  a  prccipifuto  conjistin;^  of  a  double  soil,  wliidi  is  p>  •  ji 

in  ;i  larffo  quantity  of  water,  even  tliongli  it  lie  sjiluniU'iJ  ,       9J 

of  potash.  (Berxclius.) — l)i-arseniate  of  soda  produces  a  wliito  precipe 
tato. — Oxalic  acid  throws  down,  even  from  nither  acid  solutions,  a  copioi*' 
precipitate  of  oxalate  of  yttria,  soluble  in  hydrochloric  acid.  OsaUb 
of  potash  precipitate.*)  double  oxalate  of  yltri.i  and  potash.  Ferrocyanidl 
of  potassium  precipitates  white  fciTocyauidc  of  yttrium. ^ — Tincture  of  ^S 
gives  a  loose,  grey  (Klaproth),  or  brown  (Vaunuelln)  floculcnt  precipSi 
tnte.  The  following  reagents  do  not  nffeet  solutions  of  yttrium:  hydrosuH 
phuriu  acid;  carbonate  of  lime — which  .separates  a  portion  of  yttria,  onljl 
when  ses(iuioxido  of  iron  is  present  in  the  liquid  (KoboU,  J.  pr.  Chtm,  I 
02);  alkaliuo  succinates  (unless  iu  highly  concentrated  solutiona);  an^ 
ferricyanide  of  potuseium. 


Yttrium  and  Cabbon. 

Cahbonate  op  Yttria. — Found  in  the  mineral  kingdom. — Hj 
of  yttria  ab-sorba  carbonic  acid  from  the  air.  (Vnuqueliu.) — When 
of  yttriii  is  precipitated  with  the  exact  quantity  of  carbonate  of  i 
required,  the  resulting  salt,  after  being  washed  and  drie<l,  has  the  1 
of  a  light  colourle.<«  powder;  but  if  an  excess  of  carbonate  of  soda  if 
nsed,  the  precipitate  gradually  changes  under  the  supernatant  liquid  id 
small  while  shining  crystals.  Both  forms  have  precisely  the  sumo  con 
position:  YO,  CO' +  3Aq.  (Berlin.) — The  salt  loses  \  of  its  water  al 
100"^;  the  remainder  at  about  130°;  at  a  red  heat,  the  greater  part  of  tha 
carbonic  acid  is  expelled;  but  eveu  after  exposure  to  a  white  heat  for  two 
hours,  the  earth  still  retains  2  per  cent,  of  carbonic  acid.  (Berlin.) 
Carbonate  of  yttria  gradually  dissolves  in  an  aqueons  .solution  of  chloride 
of  ammonium  and  other  iimmoniacal  salts,  carbonate  of  ammonia  being 
act  free.  (Herzelius.) — It  is  not  soluble  in  water,  but  is  dissolved  iu  vor 
small  quantities  by  aqueous  carbonic  acid.  (Gadolin,  Berlin.) 

Calcalation. 

YO 40       ....       44-94 

CO= 22       ....       2472 

3H0    27      ....       30-34 

YOiCC  +  aAq 89      ....     10000        ....       100        ..„         100-00 


Kltproth. 

Bcriin, 

SSI 

18f      ••• 

6<J';A 

27 

30-24 

Yttrium  and  Boron. 

Borate  op  Yttria. — With  boracic  acid  yttria  fuses  to  a  white  oni 
mel.  (Gadolin.)     The  monoborate  and  biborate  of  soda  give  with  salts  of 
yttria  a  colourless  precipitate,  which,  while  moist,  is  glutinous  and  trans-' 
parent,  but  after  drying,  becomes  white  and  solid;  it  attracts  carbonie  , 
acid  from  the  air  during  the  process  of  washing.  (Berlin.) 


Yttridm  and  Pugsphorcs. 


A.  PnosPiiiDB  OP  Yttrium. — Yttrium,  heated  with  phosphorus,  VD.* 
fianica  in  ha  vapour  and  forma  -a.  V>Vac,k\s\\-gTcv  ^'^wder,  which,  in  contaclj 
wilL  water,  evolves  spouUiueous\y  lutta^iwua^3Vl4  Y;\i<ofev^>«\:\.\*\'Vj^^^<t 
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gJts    (AViJblor.) — PhospbiJa  of  yttria  is  proJuceil  by  iguitiug  yttria  in 
vnjMnir  of  pbosphorus.  (Berlin.) 

B.  Phosphate  OP  Yttria. — a.  Triphosphate. — Found  native,  consist- 
ing of  ^i-')H  per  cent,  of  yttria,  33-49  of  pbospboric  acid  (wiib  a  small 
quantity  of  fluorine),  auJ  3  93  of  basic  pbo^pbate  of  ferric  oxide.  (Beriolius.) 
— 1.  Formed  by  mixing  a  salt  of  yttria  with  pbosplioric  acid  and  preci- 
pitating by  ammonia. — 2.  Separated  by  boiling  a  .saturated  eolation  of 
til.-  -alt  6  in  hydrocbloric  acid. — The  washed,  translucent,  gelatinous  pro- 
'  I ;:  1  to  absorbs  carbonic  acid,  whil.si  drying,  till  it  is  converted  into  a 
iiiiMiiro  of  carbonate  and  dipho.'ipbatc  of  yttria.  Before  ignition,  it  ia 
e-v-ily  soluble,  but  after  ignition,  difficultly  soluble  in  acids.  A  solution 
of  the  salt  in  hydrochloric  or  nitric  acid  deposits  it,  after  evaporation,  as 
an  opaqne,  white,  insoluble  residue;  a  solution  in  sulphuric  aciil  deposits 
the  salt  on  evaporation,  in  a  crystalline  form,  so  that  the  concentrated 
acid  no  lunger  retains  any  of  it  in  solution;  the  cry.stals  partially  dia- 
iolve  in  water  [as  sulphate  of  yttria?],  whilst  a  skeleton  mass  of  diphos- 
phate of  yttria  remains  behind.  (Berrelius.) 

I.  DiplwsphaU. — Formed  by  precipitating  a  salt  of  yttria  with  ordi- 
nary diphosphate  of  soda. — White  powder,  infu.-;iblo  before  the  blowpipe. 
(Gadolin.)  A  saturated  solution  of  this  suit  in  hydrochloric  or  nitric  acid 
oepoaits  the  salt  <»,  on  boiling.  (Beraelius.) 

c.  Acid  phoDphale. — Prepared  by  dissolving  h  in  phosphoric  acid.  Haa 
«  roDgh,  acid  taste,  and  yields  a  jelly  by  evaporation.  (Gadolin.) 


YXTHIDM   ASD   ScLPHUB, 

A>  ScLPniBE  OP  Yttriom. — Yttrium  heated  with  sulphur,  takes  fire 
a«  soon  as  the  sulphur  begins  to  volatilize,  and  burnS)  forming  grey  pul- 
Tcrnlent  .sulphide  of  yttrium,  which  is  neither  dissolved  nor  acted  on  in 
anv  way  by  water,  bat  when  digested  in  ariueous  acids,  evolves  hydro- 
vnfphuric  acid  in  abundance.  (Wbhler.) 

B.  SfLPiiiTE  OP  Yttria. — Formed  by  treating  hydrate  of  yttria 
"with  an  aqueous  solution  of  sulphurous  acid,  or  by  precipitating  a  salt  of 
^rttria  by  an  alkaline  sulphite. — White  powder,  insoluble  in  pure  water,  but 
■panDgly  dissolved  by  water  saturated  with  sulphurous  acid;  this  solution 
left  to  evu{>orate  spontaneously  in  tho  air,  depoaita  cryatala  of  «ulphate 
<jf  yttria,  (Berlin.) 

CaleuUtidn.  Berlin. 

YO 40  ..        55-50        ....        55-57 

80» 32        ....        U\i        ....        44-43 

TO,  SO». 72         ...       100-00         ....       10000 

C.  Hyposclphate  of  Yttria. — A  solution  of  yttria  in  the  aqneoua 
■cid,  evaporated  spontaneously  to  tho  thickness  of  syrup,  yields  long,  clear, 
'    '  "int,  rertnnifular,  obliquely  truncateil  prisms,  which,  like  the  solution, 

itnlphurous  acid,  even  at  100''.  (Berlin.) 

1>.  Spi.PHATr.  op  Yttuia.— a.  TrUulphate. — Formed  by  igniting  tho 
ipluite  (if  yttria,  or  by  precipitating  an  uijueous  solution  of  it 
.if  ammonia.      White  powder,    wliicb  VosCii  vW  -vsWYft  v>l  \\i» 
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sc'kI  by  prolonged  exposure  to  a  strong  red  iieat.  Insoluble  in 
(Bprzelius.)  Potash,  even  in  excels,  tbrowi  down  a  basic  salt  from  a  eol< 
tion  uf  the  sulphate.  When  the  nitric  acid  solution  of  the  basic  salt  ] 
evuporated,  noruml  sulphate  of  yttria  cryistallizea  out,  whibt  nitr&te  I 
yltria  remains  dissolveil  in  the  acid  mother-liquor.  (Berlin.) 

b.  MonotulphaU.     The  earth  dissolves  in  sulphuric  acid,  with  evolotia 
of   hi'at.    (Viiutjuelin.) — Small,  dense,  pale    iimelhyst-coloured,    ohiiqa 
four  and  six-sided  prisms,  with  four-sided  summits;  i>ermaucnt  in  the  >' 
(Ekeberg);    specific  gravity  2-79;    taste   sweet,    but    afterwards  roug 
— The  salt  begins  to  etBorcsce  at  40",  and  becomes  milk-white,  but  sttlL 
retains  its  form ;  does   not  recover  its   transparency  by   immorsidn   in 
water.  (Berielius.)     At  a  red  heat,  or  when  mixed  with  excess  of  am- 
monia, it  loses  I  of  its  acid,  and  is  converted  into  the  salt  a.  (BerzcUaa.! 
— Dissolves  very  slowly  in  25 — 30  parts  (Klaproth);  in  50  parts  (Van 
queliu)  of  cold  water,  and  in  a  not  much  smaller  quantity  of  hot  wat«r. 
vrater  containing  sulphuric  acid,  it  is  still  less  soluble  than  in  pure  watt 
beucc,  an  excess  of  sulphuric  acid  in  the  solution  favours  the  crystallii 
tion  of  tlio  salt.  (Bcrzelius.) 


Yttrium  and  Selbnidm. 

A.  Sblenide  ok   Yttrium. — Yttria,   heated    with   selenium   to 
melting  point  of  the  latter,  combines  with  it — the  act  of  union   bein 
attended  with  slight  incandescence.     The  result  is  a  black  mass,  which  i 
not  decomposed   by  pure  water,  but  evolves  hydroselenic  acid  on 
addition   of  dilute  acids.  (Wuliler.) — The  double  selenide  of  hydrog 
and   ammonium  gives   flesh-coloured  precipitates   with   salts  of  ytt 
(Bcrjcliua.) 

B.  Sele.vite  op  Yttria. — The  normal  alkaline  selenites  prccipiL 
from  sails  of  yttria,  largo,  colourless,  curdy  flakes,  forming,  when  dry. 
white  powder,  which,  on  exposure  to  heat,  loses,  Brst  water,  and  the 
the  whole  of  its  acid,  and  is  not  soluble  cither  in  water  or  in  excess  ( 
selenioua  acid.  (Berzelius.) 


Yttrium  and  Iodine. 


A.  Iodide  of  Yttrium. — The  aqueous  solution  yields,  by  spontaneou 
evai>oration,  small  transjiarent  crystals,  apparently  of  the  form  shown  vi 
Fiff.  15.      Evaporat<'d  by  heat,  it  It-aves  a  deliquescent  saline  mass.     Th 
crystals,  when  ignited  in  the  air,  yield  a  compound  of  iodide  of  yttriti 
and  yttri.i.      They  aro  very  soluble  in  water,  and  slightly  soluble  ui 
alcohol.  (Berlin.) 

B.  Iodate  or  Yttuia. — Separates  in  the  form  of  a  white  powder,  i 
is  deposited  on  evaporating  a  solution  in  nitric  acid,  as  a  white  aiihydron 
crust,  which  adheres  to  the  sides  of  the  vessel.  Ignited  in  the  air,  it  i 
decoinjiosed  with  cxjtlosion  and  incandescence,  vapour  uf  iodine  an 
oxygen  gas  being  set  free.     It  is  soluble  in  190  parts  of  water.  (Bo» 
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Yttrium  axd  BnoMivE. 

A.  Bromide  of  Yttrium. — A  solution  of  yttria  in  aqiieons  hydro- 
broinic  acid  yielda,  on  evaporation,  a  syrupy  liquid,  from  which  small 
deliquescent  cubes  are  deposited.  (Berlin.)  An  aqueous  solution  of  bro- 
mine acta  slightly  on  yttria,  foruitu<;  small  quantities  of  bromide  of 
yttrium  and  broniate  of  yttria.  (Berlin.) 

B.  BnoMATE  OF  Yttria. — Resembles  the  iodato.  Leaves  bromide 
of  yttrium  after  ignition.  When  mixed  with  charcoal  or  sulphur,  it  does 
not  explode  on  being  struck  with  a  hammer.  It  is  more  soluble  in  water 
thin  the  iodate.  (Berlin.) 

Yttrium  and  Chlorine. 

A. — Chloride  op  Yttrium. — Dry  chlorine  gas  is  passed  over  a 
mixture  of  yttria  and  charcoal  ignited  in  a  tube  of  glass  or  porcelain. 
The  chloride  of  yttrium  sublimes  in  white  shining  needles,  which,  near  the 
ignited  portion  of  the  tube,  fuse  to  a  white  crystalline  mass.  Decomposed 
by  potassium.  (III.  282.)  (VViihler.)  If  the  yttria  employed  has  been 
precipitated  by  excess  of  ammonia  from  .1  liquid  containing  sulphuric  acid 
and  potash,  it  yields,  when  tre:itod  willi  charcoal  and  chlorine  (in  conse- 
Qoence  of  its  retaining  a  portion  of  the  .sulphuric  acid  and  potash),  a 
oark-red,  viscid  mixture  of  chloride  of  sulphur  and  chloride  of  yttrium, 
and  afterwards  a  sublimate  of  pure  chloride  of  j'ttrium.  In  the  charcoal 
there  remains  a  compound  of  chloride  of  yttrium  and  chloride  of  potas- 
iiinm,  forming  an  etHated,  crystallino  mass,  which  does  not  evolve  chloride 
of  yttrium,  even  when  strongly  ignited.  (Wbhler.)  [H.  Rose  (Po'JiJ-  59, 
101)  states  that  no  chloride  of  yttrium  can  be  obtained  by  the  use 
of  chlorine  and  eliurcoal.] 

UndraUd  Chloiide  of  Yttrium,  or  H;/drocMorate  of  Yttria. — Chloride 
of  yttrium  dissolves  in  water  with  cunsiderablo  elevation  of  tompcmture, 
and  likewise  deliquesces  very  rapidly  in  Iho  air.  (VVohler.)  The  same 
■olutioii  is  obtained  on  dissolving  yttria  in  hydrochloric  acid.  The  liquid, 
when  6pontaueou.^ly  evaporated  in  the  air,  yields,  after  some  time,  small 
tnns{inrcnt,  very  soluble  crystals,  of  tabular  form.  (Berlin.)  When  eva- 
pora.te<l  in  a  warm  place,  it  leaves  a  gummy,  deliquescent  mass,  which  is 
Tery  difficult  to  dry  thoroughly,  and  melts  at  a  gentle  heat.  (Gadolin, 
V»uquelin.)  When  ignited,  it  evolves  hydrochloric  acid  and  leaves  pure 
jrttri».  (Berzelius.) 


Yttrium  and  Fluorine. 

A.  Fluoride  op  Yttrium. — Found  in  an  impure  slate  in  Ytlroet' 
riU,  and  in  native  Fhwridr  of  Cerinm.  By  precijiitnting  hydrated  chlo- 
riila  of  yttrium  with  fluoride  of  potassium,  hydrated  fluoride  of  yttrium 
•r  Lydrofliiate  of  yttria  is  obtained  in  the  form  of  a  white  powder  (Gay- 
Lit«*ac  &  Thenard),  h.ivinga  rough  tiiste,  and  reddening  nioisteneil  litniua- 

-•  it  is  not  soluble  in  water  or  in  aqueous  hydrofluoric  acid.     By 

ri  ii  is  converted,  with  loss  of  water,  into  anhydrous  fluoride  of 
-y  -\  ij  tasteless  and  has  no  nctiou  ou  litmus-paper.  (BerKoIiiu, 
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B.  Flcoboride    of  Yttuicm,  and  HTDROFtrATE  op  Borate    ^ 
Yttkia. — Soluble  only  in  water  containuig  excess  of  acid,  from  which  it 
ciystallizes  on  evaporation.  (Bercolius.) 

YrrRrcM  and  Nithogen. 

A.  NiTKATE  OF  Yttria. — A  concentrated  solution  yields,  after  looff 
standing,  large   colourless  crystals    (Bcrzelius);  evaporated  at  50"  ana 
then  rapidly  cooled,  it  crystallizes  in  colourless  plates.  (Berlin.)    Ekeb 
obta.ined  by  evaporation  a  fibrous  mass;  Klnproth,  a  viscid  ma&s; 
Vauqnelin,  by  continuing  the  e\-aporation  still  further,  obtained  a  luassj 
the  consistence  of  honey,  which,  on   cooling,  became  as  hard  as  sto 
This  salt  has  a  stronger  taste  than  the  sulphate  of  yttria.  (Vauqaeli 
By  exposure  to  the  air,  it  softens  and  deliquesces.  (Ekeberg.) 

B.  Carbonate  of   Yttria   and    Ammcviv. — Carbonate   of 
dissolves  in  an  aqueous  solution  of  carbonate  of  ammonia  more  re» 
than  the  protoxiae  of  cerium;  it  requires,  however,  according-  to  Va 
quelin,  about  five  or  six  times  as  mucn  of  the  solvent  as  the  carboDAt^l 
glucino.     The  presence  of  protoxide  of  cerium,  or  of  sesquioxide  of  ir 
in  very  small  quantities,  renders  the  carbonate  of  yttria  nearly  insolat 
in  carbonate  of  ammonia.  (Berlin.)     From  an  over-concentrated  solnti' 
the  double  carbonate  of  yttria  and  ammonia  separates  after  the  IspM  ( 
twenty-four  hours,  as  a  white  powder,  which  is  not  dissolved  by  excess  <  _ 
carbonate  of  ammonia.  (Berzclius.)     The  solution  ia  decomposed  by  th« 
application  of  heat,  or  by  the  addition  of  an  acid. 

YrnitCH  AND  PoTAnruM. 

A.  Carbonate  of  Yttria  and  PoTAsn. — Carbonate  of  yttria 
solves  in  au  aqueous  solution  of  carbonate  of  potash,   but  with 
diSiculty  than  in  a  solution  of  carbonate  of  ammonia. 

B.  SrLPriATE  OF  Yttria  and  Potasd. — Prepared  by  mixing 
two  simple  salts. — Crystalline  grains,  less  soluble  in  water  than  the  fol- 
phate  of  yttrin,  but  more  so  than  the  double  sulphate  of  cerous  oxide  and 
potash.  (Gahn  &  Berzclius.)  The  compound  salt  is  made  np  of  the  two 
simple  salts  in  equal  numbers  of  atoms.  It  is  soluble  in  1 6  parts  of  cold 
water;  in  10  parts  of  water  saturated  with  sulphate  of  potash;  and  io  > 
still  smaller  quantity  of  the  latter  solution,  if  it  likewise  contains 
ammouiacal  salt  or  free  acid.  (Berlin.) 

C.  CnLORIDE     OF     YtTRTUM     and     P0TA88IDM. — (III.   289.) 

obtained  by  fusing  the  simple  chlorides  together.     Dissolves  in 
with  evolution  of  heat. 

D.  Flcoride  of  Yttritm  and  Potassittm. — Appears  to  h«  de 
posed  by  ignition  with  potassium ;  but  by  subsequent  exposure  to  ■  v 
heat,  it  again  returns  to  its  original  state,  while  the  potasadam  ia  ' 
tilized.  (Berrclius.) 


Yttricm  and  Sodium. 

A.  Carbonate  of  Yttria  avd  Soda. — An  nqneous  solution  of  ( 
bonato  of  soda  dissolves  a  BtaaVY  c^xwktiUV,^  «i^-3\.U«jw,N«V\do.\a«ngun 
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I  on  neutralizing  with  an  acid  (KlapTotL),  and,  wben  the  liqnid  evapo- 
is  dejioHiled  on  the  vessel  in  the  form  of  a  white  crust.  (Berlin.) 
rbonate  of  yttria  is  also  dissolved  by  an  aqueous  solution  of  corhonate 
I  soda.     The  earth  is  not  fusible  with  carbonate  of  soda  before  the  blow- 
(Bcrzelius.) 

B.  In    borax    and    in    microcosniic    salt,    yttria   dissolves   in    large 

itity,  forming  a  clear  bead,  which,  either  by  flaming  or  by  supersaiura- 

with  the  earth,  becomes  milk-white  merely  by  cooling,  (Burzulius.) 

No  other  combinations  of  yttrium  are  known. 


H  It  has  been  already  stated  that  the  substance  eoromonly  called 
Hn'a  is  really  a  mixture  of  three  distinct  salifiable  bases ;  for  the  strongest 
rhich  the  name  of  Ytthia  has  been  retained,  while  the  other  two 
ro  received  the  names  of  Eubia  and  Terbia.  The  mode  of  separat- 
'  these  substances  is  as  follows : 

When  omnionia  is  added  by  small  quantities  at  a  time  to  a  solution 
Iwdinary  yttria  in  hydrochloric  acid,  and  the  precipitate  produced  by 
h  iulditioii  is  separately  collected,  washed,  and  dried,  basic  salts  are 
kined,  the  last  of  which  are  colourless,  and  consist  of  pure  yUrui.    And 
ceding  from  those  last  in  the  reverse  order,  we  find  that  the  precipi- 
I  become  reddish  and  nearly  transj^rcnt,  and  contain  a  larger  and 
er  quantity  of  terbia,  or  oxidt  of  terbium,  while  the  first  formed  pre- 
Itates  contain  the  largest  quantity  of  ti-hia,  or  oxide  of  erbium,  mixed 
>rever  with  terbia  and  yttria. — ^\Vhen  a  solution   of  cmde  yttria  in 
ic  acid  is  treated  in  the  same  manner,  and  the  several  precipitates 
arately  heated,  the  first  precipitate  yields  an  oxide  of  a  deep  yellow 
Bur;  and  the  colour  of  tho.sp  which  follows  becomes  continually  lighter, 
I  Jit  length  a  colourless  oxide  is  obtained,  consisting  mainly  of  yttria 
led  with  a  small  quantity  of  terbia.      In  these  experiments,  it  is  imper- 
ii tliat  the  crude  yttria  should   be  perfectly  free  from  iron,  uranium, 
It  in  better,  therefore,  to  precipitate  it  from  ths  original  solution  by 
iilute  solution  of  sulphide  of  ammonium j  and,  when  the  precipitate 
ea  to  exhibit  a  bluish  green  tinge,  to  filter  the  solution,  and  proceed 
the  filtnito  as  above.     Or  belter  still:  to  add  a  portion  of  free  acid 
the  solution  of  yttria,  and  then  to  drop  it  gradually  into  a  solution   of 
Dxalate  of  potash,  stirring  conntantly,  till  the  precipitate  no  longer 
limolreR.     In   a   few  hours  a  precipitate  is  deposited :   this  must  be 
»mtcd  by  filtration,   and  the  clear  liquid  again   treated  with  binox»- 
tof  potash,  as  long  as  a  precipitate  continues  to  form.     The  filtrate,  on 
Bg  neutralized  with  an   alkali,  yields  a  small  quantity  of  nearly  pure 
"»te   of  yttria.     The  precipitates  first  obtained  are  crj'staliine,  and 
bidly  fall  to  the  bottom  of  the  vessel ;  whereas  the  last,  which  is  pulvern- 
t,  is  slowly  deyKi.«itcd.     The  first  contain  the  largest  quantity  of  erbia 
rod  witli  terbia  and  yttrin;   the  next,  chiefly  terbia  contaminated  with 
ria  and  yttria;  and  the  ln.*t,  nearly  jiure  yttria.     The  first  precipitates 
'    '    ays  reddLsh;  the  bust  colourless,     if  the  mixture  of  the  earths  be 
atcd   by  on   oxalate,  and  the  precipitate  digested  in  very   dilute 
ic  acid  (1  part  acid  to    4D  parts  water),  the   acid  first  dissolves 
I  yttria,  properly  so  called ;  and  on  treating  the   residue   with  suc- 
(lortioiis  of  fresh   lu-id,  the  quantity  dissolved   becomes   less   and 
od  At   the    aauie  time,    the  uudissulved   portion    becomes  more 
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and  more  yellow  by  cftlcJnation.  When  tbe  yttria  lias  been  thuj  reinorod,_ 
the  resiiluil  oxalate  is  to  be  wasbed  anil  iguilcd;  the  earth  which  remsm 
dissnivcd  in  nitric  acid;  and  the  solution — which  should  not  be  too  dilnu 
— mixed  to  saturation  with  pounded  sulphate  of  potash.  By  thi*  menial 
the  erbia  is  precipitated  in  the  form  of  a  double  sulphate  of  erbia  ^ij 
potash,  which  is  nearly  insoluble  in  water  saturuted  with  sulplwte  uf 
potash,  but  dissolves  easily  in  pure  water.  The  double  sulphate  of  tcrl)i»l 
and  potash  remains  in  solution.  The  liquid  havin^r  been  filtcre<l,  Mai 
the  prccijiitftte  washed,  the  tiulpliate  of  erbia  and  potish  may  I*  lils-J 
solved  in  water,  and  the  erbia  precipitated  by  caustic  potash,  then  w»»lieil| 
and  ipniteil.  The  terbia  may  also  be  precipitated  by  treating  the  filinU  j 
with  cau.stic  poLosh.  I 

YUria,  properly  so   culled,  is  a  colourless  earth,   milk-white  »ft<r| 
ignition.     By  contact  with  a  small  quantity  of  a  concentrated  scii  I'J 
becomes  stronsrly  heated  and  dissolves,  though  not  so  quickly  as  in  JiUWi 
•rids.     Its   neutral  solutions  tasto  sweet  at   first,   afterwants  a>lriiii,'Ciit.I 
Sulphate  of  Ydria  crystallines  in  small,  compact,  colourless  prisms,  willmBtj 
the  fiiintest  tin;^e  of  amethyst.     It  retains  its  water  of  crystiiHiiation _»t| 
temperatures  a.s  high  as  80^(176^  F.);  but,  when  heated  over  a  spitiU 
lamp,  it  loses  water,  and  becomes  milk-white. — A'Urate  of  Yttrui  is  de 
quoscent;  ita  solution,  when  highly  concentrated,  forms  a  thick  syroj 
which,  ajs  it  cools,  yields  lamellatod  crystals. — O/ihriile  of  Ytlrinm  Htn< 
volatile.     A  solution  concentrated  to  the  consistence  of  a  syrup  yicW 
by  s}>ontaneou$  evaporation,  a  radiated  moss  uf  crystals,  which  6lo« 
deliquesce  in  the  air. 

Terbia,  or  Oxide  of  Terbium,  has  not  yet  been  obtained  in  ft  «ft»te 
perfect  purity.     Its  behaviour  with  acids  is  similar  to  th.it  of  yttria. 
salts  have  a  saccharine  and  astringent  taste.     In  the  soliil  state,  they  h&^ 
an  amethyst  colour,  which,  however,  is  not  constant. — Sulphate  of  Tn 
forms  crystals  larger  than  those  of  sulphate  of  yttria;  I  hey  effloresce  \ 
about  50"  (122"  F.),  becoming  milk-white,  but  not  falling  to  powd^ 
Nitrate  of  Terbin:  The  solution,  when  evaporated,  almost  always  i 
a  reddish  tinge  before  it  begins  to  crvstailizc.     It  solidifies  iu  a  i  _^ 
raasa  of  crystuis  which  have  a  decided  rose-colour,  and  are  not  deh^v 
cent. 

Erhia,  or  Oxide  of  Erhinm,  obt.ained  by  calcination  of  the  basic  nit 
or  of  the  hydnite  precipitated  by  potash,  is  of  a  deep  yellow  coloa 
when  obtaine<i  by  calcining  the  oxalate  or  the  neutral  nitrate,  its  colfl 
is  much  lighter,  because  it  is  more  finely  divided.     When  ignited  in  ; 
atmosphere  of  hydrogen,  it  yields  a  small  quantity  of  water,  anil  bccon 
colourless.     If  it  l>e  afterwards  gently  ignited,    it  recovers   its   fom 
colour,  but  increases  very  little  in  weight.     Forms  colourless  solntiona 
with  acids.     Dissolves  in  hydrochloric  acid  without  perceptible  evolutig 
of  chlorine. — Sulphate  of  Erbia  is  colourless,  has  a  saccharine  taste,  i 
crystallizes  like  the  .'^nlpbales  of  yttria  and  terbia;  but  it  does  not  e£ 
resce   at   80",   not  even    when   kept   at  that  temperature  for  a  we 
Nitrate  of  Erbia  also  resembles  the  nitrates  of  the  other  two  earths; 
its  solution  does  not  become  coloured  by  concentration, — tbo  radiat 
crystals  in  which  it  solidifies  are  usually  colourless,  but  sometimes  hara 
reddish   tinge;  they  are  not  deliquescent.  (Mosander,  Ann.  Pliarm. 
210;  Berzelius,  I'raite  de  ChimU,  Paris,  1846,  2,  167—171.)  H 
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ranquplin.     Gluoina.     Sdier.  J.  1,  341;  also  Crell.  Ann.  1708,  2,  422; 

also  Schrr.  J.  1,  500, 
Klaprotli.     Gliicina.     Bfilrage  3,  215  and  221. 
Borzelius.     Glucina.     Schw.  15,  296. 
Wiililor.     Glucininn.     Po(jg.  13,  577. 
C.  0,  Gnielin.     Glucina.     Pogg.  50,  175. 
Count  F.  von  ScLaffgotsch.     Glucina.     Pogg.  50,  183. 
Awdejcw.     Gluciua.     Pogg.  56,  101. 


Glycium,  BergllUim. 

UiMory,      Vauqnelin    discovered    Glucina   in    1798 
Busny,  in  1828,  succeeded  in  obtaining  the  metal  from  it. 


Wtilik-r  ami 


Source*.  Rare;  found  pure,  as  silicate  of  glucina,  in  Phenakito,  and 
toprther  witb  other  tiilicatca,  in  Beryl.  Euclase,  Leucophauc,  Chryso- 
Lcryll,  Hclv-itc,  ami  in  several  varieties  of  Gadolinite. 

Preparaiion. — 1.  From  the  chloride  of  glucinum,  by  meana  of  potassium, 
•xaetly  in  the  t<:ime  manner  as  yttrium.  (Wbhler;  III.,  282.)  Bussy 
•ciwpls  a  HJiiiihir  method.  (./.  Vhim.  med.  4,  455:  also  Schw.  54,  241.) — 
2.  When  Hccqucrel  expuged  a  concentrated  solution  of  chloride  nl  glucinum 
mixed  with  a  small  quantity  of  protochloride  of  iron,  to  the  intiuenoo  of  the 
electric  current,  in  the  same  way  as  the  chloride  of  magnesium  (ill.,  222), 
glurinnni  oontamin,ited  with  iron  was  first  deposited — and  afterwards  the 
pure  metal,  in  brilliant,  steel-grey,  crystalline  himinu;. — 3.  \'ujiour  of 
potas<)ium  pnAsed  over  glucina  iu  a  platinum  tube,  ut  a  white  boat,  yields 
S  mixture  of  pota^li,  glucina,  antl  a  dark-coloured  sub*t!Mice  having  the 
mrlallic  luj-trc;  thic,  when  heated  in  the  air,  aMsumex  an  earthy  appear- 

ar an-\  when  put  into   water,  slowly  evolveu  hydrogen  gas,  and  i» 

coiiv.  rtcil  into  glucina.  (H.  Davy,  Gilb.  37,  18(;.) — 4.  Potosoiuui  behaves 
witii  the  doublu  lluorido  of  glucinum  and  potaesiuiu,  jus(  as  with  the 
corrviipouding  yttrium  compound.  (Berzeliiis.) 
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PropertUs.     Dark  grey  powder,  receiving  a  metallic  lostro  nndor  tho  I 
burnisher;  very  difficult  of  fusion.  (Woliler.)     Blnck  mass,  inter»i)ene<l 
witb  sliinin-i:  points.  (Bussy.)     Stecl-grcy  scales.  (Becquorel.) 

The  atomic  weight  of  glucina,  assumed  by  Berrelins  to  be=25'Tl 
(whence  that  of  glucinum  would  of  course  be  17'7),  has  l>eeii  rednc^vl,  in 
ai'oordance  with  the  more  recent  investigations  of  Awdojew,  to  half  tlut 
amount,  or  still  later,   to  12C47:  henci3  tho  atomic  weight  of  gluciniim 
must  bo  4-G47i  or  Id  round  numbers  =  -l"?. 


Compounds  of  Glutinum, 

Glucinum  and  Oxyggn. 

Glccina.    go. 

Ojrid«  <tf  Glucinum,  Glycinerdt,  Beryllerde,  Smaragderde,  Siistenit, 

Gli/cine. 

Formniion.     Glucinum  does  not  attract  oxygen  from  the  air  at  or 
nary  temperatures;  but  when  ignited,  it  bums  with  vivid  combustion,  mA 
forms  a  white  earth;   in  oxygen  gas,  the  combustion  is  moat  spleoiUd 
the  resulting  earth  shows  no  trace  of  fusion.     If  the  glucinum  contain 
any  hydrate  of  glucina,  a  flame  is  visible  on  burning  it  in  oxygen,  arini 
from  the  hyiirogen  gas  set  free.  (Wbhler.)    According  to  Buasy,  gluciniin 
when  hcato<l  in  an  open  vessel,  is  converted  into  glucina;  but  the  oxidfl 
tion  is  difficult  and  takes  a  long  time.     Glucinum  remains  unchanged  f 
water,  cither  cold  or  boiling,  and  also  in  solution  of  ammonia;  but  in  col 
dilute  nitric  acid,  it  dissolves,  with  evolution  of  nitric  oxide;  in  wa 
oil  of  vitriol,  with  evolution  of  sulphurous  acid;  and  in  dilute  sulphur 
or   hydrochloric   acid,    as   also    in   a  solution   of  caustic  potash,    wi| 
evolution  of  hydrogen  gas.  (W5hIor.) 

Preparotioii. — 1.  Vauonclin  fuses  1  part  of  finely  divided  beryl  wit 
B  parts  of  hydrate  of  potaili  (or  carbonate  of  potash  or  sodii,  at  a  hight 
tem()eruture};  digests  the  mass  with  dilute  hydrochloric  acid;  evaporat 
to  dryness;  beats  the  residue  with  water  containing  hydrochloric  acid 
Cltorn  the  liquid  from  the  silica;  precipitates  the  hydrates  of  glucina  anil 
alumina  (together  with  oxide  of  iron)  from  the  filtrate  by  ammonia 
washes  the  precipitate,  and  dissolves  it  in  sulphuric  acid;    mixca  tb 
solution  with  sulphate  of  potash;  suffers  the  alum  which  forms  to  crjrst 
lite  out;  supersaturates  the  mother-liquor — containing  the  whole  of  tb 
glucina,  together  with  a  portion  of  alumina — with  a  very  large  qnanti^ 
of  carbonate  of  ammonia;    keeps  tho  mixture  for  some  days  in  cla 
vessels,  frequently  sh.iking  it  up ;    filters  the  solution — which  contain 
carbonate  of  glucina  dissolved  in  the  excess  of  carbonate  of  ammonia-' 
from  the  hydrate  of  alumina  and  sesquioxido  of  iron;  boils  tho  filtrate  li 
tho  carbonate  of  ammonia  is  expelled,  an<l  the  carbonate  of  glucina  prec 
pitated;  collects  tho  latter  on  a  filter;  washes  it  thoroughly;  and  ignites 
to  drive  off  carbonic  acid.     It  is  best  to  add  ammonia  after  boiling  til 
solution  in  carbonate  of  ammonia;  because,  during  the  boiling,  the  glucii 
may  have  been  partially  redissolvod,   in  consoqueuce  of  the  ammoc 
salts  contained  in  the  liquid  being  deoomposed. 
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8.  BenoliuB  fuses  the  boryt  with  3  parts  of  carbonate  of  potash;  pro. 
in  the  giune  manner  as  Vaur|uelin;  but  (without  firat  removing  the 
Iter  part  of  tlie  alumina  iu  thp  form  of  alum)  di^resU  the  hydrates  of 
lamina  and  glucina  precipitated  by  ammonia,  while  they  are  Htill  moist 
l»d  freshly  precipitated — with  oxcesa  of  an  a<|ueou8  solutiou  of  carbonate 
"  ammonia,  frequently  agitating  tbo  mixture;  then  filtera  and  boils. 
3.  Berthier  makes  a  mixture  of  equal  parts  of  powdered  beryl  and 
rble ;  compresses  it  strongly  into  a  cruuible ;  heals  it  in  a  blaat- 
Bace;  takes  it  out  as  soon  as  it  is  well  fused  (otherwise  tbo  crucible 
elf  would  be  attacked);  reduces  the  mass  to  fine  powder;  digests  it  iu 
iy<lroehloric  acid,  whereby  the  silica  is  separated  in  the  gelatinous  state; 
ml  urucecds  with  the  iiltratc  as  in  the  first  and  second  methods.  Or  he 
Ives  the  mixed  hydrates  of  glucina  and  alumina  (also  containing 
oxide  of  iron)  iu  potash;  filters  from  the  oxide  of  iron;  slightly 
fttarates  the  filtrate  with  hydrochloric  acid:  precipitates  both  the 
with  ammonia;  washes  them  thoroughly ;  dissolves  them  in  an 
as  solution  of  sulphornua  acid;  and  boils  the  clear  liquid  till  the 
of  acid  is  expelleiL  The  sulphite  of  alumina  sojiarates,  while  the 
ftlphJte  of  glucina  remains  dissolved,  and  may  then,  after  filtrationj  be 
ipitated  by  ammonia.  {Anji.  CInm.  I'hyt,  50,  371.) 

Properties.     Soft,  light,  very  bulky,  white  powder,  of  speoifio  gravity 
1*867  (Ekeberg);  neither  hardening  nor  shrinking  by  heat;  fusible  only 
Vibe  highest  temperatures  that  can  bo  produced.  (H^  Davy.)    Tasteless; 
I  strongly  to  thu  tongue. 

CalcoUtioD,  •ceording  to  Awdf jew. 

G 4-7        ~  3701 

O 80        62-99 

GO  12-7         ZZ         10000 

DecompotUum.     At  a  white  heat  by  potassiuin;  and  in  the  presenoa 
'  irou,  by  charcoal  also. 

ComfriiuUiont.     a.  With  water:   Hydrate  op  Glucina.— Obuined 

itating  a  soluble  salt  of  glucina  by  an  alkali.     The  hydrate 

1(1   by   ammonia  perfectly  resembles  the  hydrate  of   alumina 

rble  moist,  but  is  reduced  to  a  white  powder  when  dry.    When  strongly 

ited,  it  parts  with  its  water;  without,  however,  becoming  incandescent. 

BUUt  Schaflgotach.) 

C«lcul«tion.  Or?  Dried  at  100°.  Shmffgotich. 

12-7      ...         58-52  3GO. J81     ....      51-42    ....       5l-i 

90       ....         41-48  4HO  360     ....       48-58  48-5 

,H0„..    21-7      ....      10000  741     ....     10000    ....     1000 

h.  With  acids,  forming  the  Glucina-salts. — Glucina  after   ignition 

li.«„|veM  «h)wly  but  completely  in  acids;  the  hydrate  dissolves  with  ease. 

p]  itv  of  glucina  for  acids  is  less  powerful  than  that  of  the  alkalis, 

li-^rtia  and  yttria;  but  the  hydrate  of  glucina,  when  boiled  w-ith 

UttKiiimr.il   salts,    deconiponcs  them   and  replaces  iho  ammonia  iu    tho 

•lation.  (Bcrzflius.)     Tho    salts    of  glucina   are   colourlc«.s    unless    tho 

111    it.ic!f  IB   coloured.     Most   of  them   are   soluble  in    w-atcr.     Those 

rhich  -ore  soluble  have  a  sweetish,  rough  taste,  ani  to<i*ieu\\\.vft\^*-    Tv^i^ 
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lose  their  acid  on  it^jition,  unless  it  is  incapable  of  Tolatiliratlon.     Froal 
the  iioliilinn  of  a  giiicina-snlt,  caustic  ammonia,  potash,  or  sodii  thmwa 
down  the  hydrate,  as  a  balky  floculent  preeipitate.     AlkaJinr^  sulphide 
act  in  the  same  manner,  evolving  sulphuretteid  hydrogen.     The  prccip^ 
tat43d  hydnite  i»  re  dissolved  by  excess  of  potaih  or  soda,  from  wLie 
solution  sal-ammoniac  again  precipitates  it.     Ammonia  in  excera  does  no 
dissolve  it.     The  alkaline  eartha,  and  likewise  magnesia  and  yttria,  thr 
down  glucina  in  the  form  of  hydrate.     The  normal  carbonates  and  bic 
bnnates  of  potash  and  soda  throw  down  a  bulky  precipitate  of  carbona 
of  glucina,  soluble  in  a  larifc  excels  of  the  alkaline  carbonates.    Carbons 
of  ammonia  produces  a  similar  result;  but  a  much  smaller  quantity  of 
is  sufficient  to   re-dissolve  the  precipitate.    (V'auquelin.)     Ciirbunate 
baryta  |)artially  separates  glucina  by  digeislion,  but  almost  coui'  ' 
boiling.  (Awdcjew.)     Ordinary  diphosphate  of  soda  throws  il 
the  salts  of  glucina  a  white  floculent  precipitate.     The  salts  niixi.-d  war 
with  fluoride  of  potassium  till  a  precipitate  just  begins  to  api>ear,  dep 
ou  cooling,  crystalline  scaIcs  of  a  diSicultly  soluble  doable  salt.  (Rcrzeliaa 
Ferrocyaiiide  of  potassium  produces  no  change  at  first,  bat  the  Ii>qai| 
becomes  gelatinou.s   after  a  while.  (H.  Kose.)    Alkaline  succinate-  gii 
a  white  precipitiite  with  salts  of  glucina.     Tincture  of  galls  throws  do» 
j'ellow  flakes  from  solutions  of  glucina-salts.  (Vaunuelin.) 

The  salts  of  glucina  are  not  precipitated  by  hydrosulphuric  acid,  an 
phate  of  potash,  hydro-fluosilicic  acid,  carbonate  of  lime  (Von  KobeH 
J.  pr  Clifw.  I,  It2),  oxalic  acid,  alkaline  oxalates  and  tartrates,  or  by  fer 
cyanide  of  potas.sium.  The  statement  of  Persoz  {Chim.  MoleevJaii 
888)  that  the  salts  of  glucina  are  precipitated  by  heating  with 
of  soda,  is  not  confirmed  by  the  author's  experiments,  at  leMt 
the  case  of  the  chloride  of  glucinum. 

c  With  Potash  and  Soda. 


Glucimjh  and  Cahdon. 


Carbonate  op  Glucina. — Hydrate  of  glucina  absorbs  carbonic 
when    exposed   to  the  air.    ( Vauqut'lin.)      The    salt    is    precipitat 

1.  When  the  double  carbonate  of  glucina  and  ammonia  is   heateJ.- 

2.  When  a  sail  of  glucina  is  decomposed  bv  an  alkaline  carbonate  no 
added  in  excess.  Prepared  by  the  first  metho<l,  it  is  granular,  and  fall 
rapidly  to  the  bottom  of  the  vessel  (Berielius);  when  prepiired  by  ih 
secoud,  it  is  bulky.  (Count  Schaflgotsch.)  Soft  and  unctuou.^  to  the  touch 
tasteless.  Gives  up  its  carbonic  acid  when  ignited;  not  porccptiMj 
Goliiblc  in  aqueous  csirbonic  acid,  but  readily  dissolved  by  alkaline  oa» 
boiLites.  (Vauquelin.)  Dissolves  when  boiled  in  aqueous  soluiiuns  ( 
ammouiacal  salts,  carbonate  of  ammonia  being  set  free.  (Uerzelius.) 


6GO 

Calcolatioa. 

63-5        .           48-60 
2'2-U                     lONii 

4.'iO                :n  IS 

Scliaffgolach. 
4*-53 

CO"  

5HO 

17:1/ 

SGO.CO'.SllO    .. 

.     1305 

....       100-00 

....        lUO'OU 
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Gldcincm  and  Phosphorus. 

A.  Phosphide  of  GLCoiNrsi. — Glucinuui  heated  in  vapour  of  pbov 
boros  burns  with  a,  bright  flamo  and  forms  a  grey  powder,  which,  on  the 
Iditiun  of  water,  evolves  spontaneously  inflammable  phosphnrctted  hydro- 
Bo.  (Wohler.) 

B.  Htpophosphite  op  Glucina. — An  aqueoas  solution  of  hypophos- 
phoruus  acid  is  saturated  in  the  cold  with  hydrate  of  glitcina.  and  the 
filtmtc  left  to  evaporate  in  vacuo  over  oil  of  vitriol.  A  thick  viscid  mass 
remains,  which,  when  exposed  to  the  air,  dries  up  to  a  hard  suhstunco 

iviog  a  couchoidal  fracture.  (H.  Rose,  Pogg.  12,  86.) 

C.  Phosphite  op  Glucix.*. — Phosphite  of  ammonia  gives  with  ehlo- 
de  of  glucinum  a  whit<!  precipitate,  which,  on  being  heated  in  a  retort 
'  cr  drying,  becomes  incandescent  and  evolves  hydrogen  gas  freo  from 
kosphoruii.  (H.  Rose,  Poffff.  i),  40.) 

D.  Phosphate  op  Glccina. — a.  Diphotphate. — Formed  by  precipi- 
tating a  i>alt  of  glucina  with  excess  of  ordinary  diphosphate  of  soda. 
White  viscid  precipitate,  fusing  before  the  blowpipe  to  a  clear  bead, 
'which  remains  transparent  after  cooling.  Insoluble  in  water,  but  dissolved 
liy  aqueous  acids,  including  phosphoric  acid.   (V'auqueliu.) 

b,  Tho  acid  photp/uite  is  obtaine<l  by  dissolving  the  neutral  salt  in 
bMueous  solution  of  phosphoric  acid. 


Qlucimdm  and  Sulphur. 

A.  Suu>hii)e  op  Glucinum. — Glucinum  heated  with  sulphur  till  tho 
hitter  is  completely  volatilized,  combines  with  it — giving  rise  to  vivid 
oonibuetion — and  forms  a  grey,  unfused  mass,  which  dissolves  in  water 
rery  slowly,  without  any  escape  of  hydrosulphuric  aciii,  but  evolves 

Jiai  gim  in  abundance  when  trcnteil  with  aqueous  acids.  (WBhler.)  Sul- 
phate of  glucina  decomposed  at  a  red  heat  with  hydrogen  or  hydrosul- 
phuric arid  gas,  does  not  yield  any  sulphide  of  glucinum,  but  only  pure 

~  lucina.  (Wulilcr.)  On  heating  glucina  with  sulphur,  the  earth  remains 
shind  undecoinposcd.   (Vauquuliu.) 

B.  Sulphite  op  Glucina. — Hydrate  of  glucina  is  very  soluble  in 
sulphurous  arid,  and  is  not  precipitated  on  boiling  tho  solution  (this 
character  distinguishes  it  from  alumina).  (Burthier,  Ann.  C'/iim.  I'kyt. 
50,371.) 

C.  Sulphate  of  Glucina. — a.  SexUmc  Sulphate. — A  concentrated 
olntion  of  normal  sulphate  of  glucina  is  digested  with  freshly  precipitated 

carbonate  of  glucina;  tho  resulting  solution  filtered  from  salt  6  without 

a.Miii!,'  any  water;  and  the  filtrate  afterwards  mixed  with  water:  ^exbasic 

ite  of  glucina  is  then  precipitate*!,  while  the  disulphatc  remains  in 

,iin.     White  powder,  leaving  53'2  per  cent,  of  glucina  after  ignition. 

(|i.  i/.r>liiis.)     Aixording  to  Awdejew,  it  cousista  of  6G0,  SO'  +  aAq, 

6.   TrisnljiliaU. — Formed  during  tho  above-mentioned  digestion;  dries 

I  to  a  transparent,  gummy  moss,  hard  and  brittle  in  the  cold,  but  becom- 


298 


oLccnnm. 


ing  aoft  at  100°;  wbon  strongly  heated,  it  is  converted  into  a  spoo^, 
chining  mtm*,  no  longer  soluble  la  water.  (Berxeliua.) 

c.  Disulphate. — Obtained  in  the  prepatatiun  of  the  salt  a.    Soluble  in 
water.  (Beneliutj.) 

TrMolphstai.  Bcndiiig. 

3GO , „._..      38-1     .._      48-78        4S-G 

SO» 400      ...       51-22        50-4 


3GO.  SO» 


78-1 


100-00 


»GO.. 
80«_ 


Dbolptute. 
25-4     ....       38-84 
40-0     ....       61-16 


100-0 

BencEnf. 
39-07 
60-93 


2GO,SO>    65-4     ....     10000 


100-00 


d.  Ifonotufphtile. — Glucina  is  dissolved  in  excess  of  sulphario  i 
and  tbe  excess  of  acid  removed  by  evaporation  and  subaeqaent  waabiD| 
with  aJcuhul.  (Dorti-lios.)     Tbe  crystalline  powder  tbus  obtained  is  i" 
eolved  in  hot  water,  and  yields,  on  cooling,  tolerably  large,  hydrated,  squ 
baai-d  octolicdrond  {Fiff.  23),  with  the  lateral  summitis  slightly  truncated: 
e  :  e"  =  122"  nearly.     The  crystals  effloresce  at  a  temperature  above  WJ 
when  strongly  heated,  they  lose  water  and  swell  up  like  alum.    By  ignition 
the  whole  of  the  acid  is  driven  otF,  partly  unJeconiposed,  partly  resolve 
into  sulphurous  acid  and  ox3'gcn  gas.    The  residue  consists  of  pore  gluciu 
which  however  dissolves  with  great  difficulty  in  sulphuric  acid,  and 
almost  insoluble  in  hyilrocbloric  acid.  (Awdejew.)     The  salt  is  very  solu 
ble  in  water;  the  solution  reddens  litmus,  and,  when  concentrated,  is 
the  consistence  of  syrup.  (Berzeliu».)     On  evaporation,  the  salt  is  dep 
sited  as  a  crystalline  powder,  without  yielding  a  gummy  mass.  (Awdejew.) 


GO  . 
SO». 


Anbyiirous. 
12-7     ....       241 
400     ....       75-9 


G0,60» 52-7 


100-0 


Bcrzvliiu. 
•24  33 
75-67 

~ioo-6o 


oo... 
so»... 

4HO 


Crystallized. 
12-7     ....     14-32 
40-0     ....     45-09 
36-0     ..„     4059 


+  4Aq 88-7 


100-00 


luu-oo 


Hydro-sulphocarbonate  of  potash  gives  no  precipitate  with  chlorido 
ofglttcinum.  (Berzelius.)  ~ 


GLCCINtrH   AMD  SbLEXICH. 

A.  Selenide  op  GLUCwnM. — Formed  on  fusing  together  selenium  and 
glttcinuni.  The  combination  is  attended  with  vivid  combustion,  and  thv] 
product  is  a  fused,  brittle  mass,  grey  and  crystalline  on  the  fractur 
surfivce,  It  dissolves  slowly  in  water,  without  however  iiudergding  de- 
composition; tbo  solution  soon  becomes  red  from  separation  of  selc-uiiim. 
(Wohk-r.) — Tbe  double  selenide  of  hydrogen  and  ammonium  gives 
flesh-coloured  precipitate  with  salts  of  glucinuin.  (Berzeliua.) 

..lU.  —  \M>ile    iDSblubla 


B.  Selenite    of    GtrciNA.       a.    . 
powder,  which  i)arts  with  the  w-holo  of  iIn 
6.  BisclejiiU. — ^A  gummy  m-iias,  soluble  iu  ' 


^) 
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Glccindm  and  Iodiite. 

Iodtdf;  op  GtuciNCM. — Glucinum,  heated  in  vapour  of  iodine,  takes 
•nd  yields  a  sublimate  of  iodide  of  gluciniim   in  coloarloas  needles, 

which  are  fasihio  and  very  volatile,  and  dissolve  in  water  with  great  el»- 

Ts^on  of  temperature.  ( Wohler.) 


Oluoincu  AMD  Bromine. 

Bromide  op  Glttcinum, — Glucinum  bums  in  vapour  of  bromine  on 
the  application  of  gentle  heat,  forming  bromide  of  glucinum,  which  sub- 
limeji  in  long,    coIourlcsE,    fusible,  very  volatile  uecdlea,    diiisolving    in 
rater  with  groat  evolution  of  heat.  (WiJhler.) 

Jli/drated  bromide  of  Glucinum,  or  Ilydrohromaie  of  Glucina.—A 
Dlution  of  clucina  in  aiiueous  bydrobromic  acid,  evaporated  to  a  small 
ilk  and  left  to  itself  for  a  considerable  time,  yields  small  crystals,  ap- 
eutly  of  a  cubical  form,  very  deliquescent,  and  resolved  by  heat  into 
itydrobromio  acid  gas  and  glucina.  (Berthcmot,  Ann.  Chitn.  Fhijt.  44, 
J94)  _ 

Glucina  ditfused  in  water  and  treated  with  excess  of  bromine,  is  dia- 
flolvej  in  small  quantity,  but  does  not  form  a  bleaching  liquid — bromate 
ad  hydrobromate  of  glucina  being  the  only  products.  (Bulard.) 

Olccimdm  and  Cblorinb. 

Chloride  op  Glucindm. — Qlucinnm  slightly  heated  in  chlorine  ga£ 
bams  with  a  brilliant  light,  and  forms  chloride  of  glucinum  which  sublimes 
in  a  crystalline  form.  (Wohler.) — The  compound  may  be  formed  by  pass- 
ing dry  chlorine  gas  over  an  ignited  mixture  of  glucina  and  charcoal. 
,  Rose,  Fogg.  9,  39.)  Wohler  introduces  the  mixture  of  glucina  and 
jvoal  into  a  glass  tube,  and  this  again  into  a  tube  of  porcelain.  Bnasy 
Chim.  Med.  4,  455)  ignites  a  mixture  of  glucina  with  sugar  and  starcn 
a  covered  crucible,  and  exposes  the  carbonizeil  mtt*»  to  the  action  of 
lilorine  in  ii  red-hot  porcelain  tube.  As  the  glucina  frequently  contains 
squioxide  of  iron,  the  chloride  of  glucinum  becomes  contaminated  with 
|uichlorido  of  irou.  Bussy  purifies  it  from  this  substance  by  dislilln.- 
on  in  a  glass  tube.  The  chloride  of  glucinum  sublimes,  and  adheres  to 
be  colder  parts  of  tho  tube  in  silky  needles  and  flakes,  cither  thickly 
Merwovcn,  or  caked  together  in  a  dense  mass.  (Rose,  Wohler.)  At  a 
Bntle  boat,  it  fuses  and  forms  a  brown  liquid,  which,  on  raising  the  tptn- 
oraturc,  again  sublimes  in  colourless  needles.  (Rose.) — When  gently 
ated  with  potaissium,  it  is  decomposed,  with  vivid  combustion.  (Wohler, 
l«y.) 

Calculation.  Airdejew. 

0  47     ....       11-72        13-28    —     11-74 

CI 8&-4     ....       88'2«        86-72    —     88-26 

GCl  40-1     ....     100-00        10000     „     10000 

Ifi/ili-filnl  Chlnrtde  of  Glueinum  or  HydrocM-oraie  of  Glucina. — Chlo- 
[iln  of  i^liioinnm  dissolves  in  water,  with  considerable  elevation  of  tenipe- 
■I  a  hissing  noise;  it  hI«o  deliquobcea  very  rapidly  iu  the  «.vt. 
Met,  Bussy.)     Jbo  solutioti  is  alvoost  f«iii:c\,\;}  Vn.'Oi&'^^ttuVtS^ 
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chloride  dissolving  completely,  witli  the  exception  nf  the  portion  whirh 
yraa  in  contact  with  the  glnsa  tube  when  s-ofieneil  by  heat;  this  porli'ti. 
when  digested  in  water,  deposits  a  small  quantity  of  glucina  in  dake^ 
(Awdcjew.) — A  solution,  eiiuilar  in  all  respects,  is  obtaineil  by  disa^^^f 
glucina  in  aqueous  hydrochloric  acid.  Ou  evaporation,  it  yields  an  iHB 
tinct  mass  of  crystals  (Vnuqaclin),  which,  accordinj;  to  Awdejew,  consist 
of  GCl  +  4Aq.  At  a  red  hcut,  they  part  with  hydrochloric  acid  and  lea' 
pure  glucina.  (Borzelius.)  They  are  readily  dissolved  by  water  and  ali 
uol,  and  do  not(?)  deliquesce  when  exposed  to  the  air.  (Vauquelin.) 

When  a  saturated  solution  of  glucina  in  hydrochloric  acid  is  evai 
rated  to  dryness,  a  gummy  mass  remains,  containing  4i)'1.35  parts  ('2At| 
of  glucina  and  oO'Sfi.)  parts  (1  At.)  of  hypothetically  anhydrous  nniri- 
atic  acid.  A  still  more  basic  conii>nund  is  precipitated  in  white  flalccb-  l>y 
boiling  an  aqueous  solution  of  the  above,  either  alone  or  with  hy.irj(e 
of  glucina, — or  on  mixing  tlio  cold  solution  with  a  quantity  of  anunoDin 
insufficient  for  complete  saturation.  (Bcrzeliiis.) 


.iri-      I 


Glucdicm  and  Fluorine. 

Flcokide  of  Glucinum  and  HvDnoFLUATE  op  Glixina. — A  sola 
tion  of  glucina  in  aqueous  hydrofluoric  acid  dries  up  to  a  colourless,  tran 
parent,  gummy  moi^n,  wliicli  reiiiains  clear  below  a  temperature  of  60*| 
gives  off  water  at  100°,  becoming  milk-white  and  then  swelling  up  lik^ 
alum;  and  loses  part  of  its  acid  at  a  red  heat,  unless  all  the  water  Li 
been  previously  expelled.     It  dissolves  easily  in  water  after  being  heale' 
The  solution  tastes  less  sweet  than  that  of  any  other  salt  of  glucioaJ 
Fluoride  of  glucinum  forms  double  salts  with    the    alkalis.  (Beriehu 
Poj^y.  1,  22.) 

OlUC1>U.U    A.ND    NlTKUGEN. 

A.  NiTUATE  OF  Glucina. — Uncrystallizable.  Obtained  by  OTar 
ration,  as  a  tenacious  clastic  substance,  or  in  the  form  of  a  white  powaeij 
Its  la-ste  is  very  sweet  at  first,  but  afterwards  astringent.  U  fa 
readily,  lirst  becoming  basic,  and  then  losing  the  whole  of  its  acid.  Hot! 
water  and  alcohol  dissolve  it  with  great  ease;  it  is  likewise  deliquesoenlj 
(Vauquelin.) 

B.  Carbonate  op  Glucina  and  Ammonia. — Carbonate  of  glucina 
dissolves  largely  in  an  aqucoua  solution  of  carbonate  of  ammonia 
Colourless  liquitl,  deconijioscd  either  by  heat,  or  by  the  addition  of 
acid.  (Vauquelin.)  The  hydrate  of  glucina  precipitated  by  ammonil 
diesolvee  vi-ry  easily  in  aqueous  solution  of  carbonate  of  animonia  (C 
Gmclin);  but  ignited  glucina,  oven  when  digostoil  for  months  in  earl 
nale  ofaiumonin,  is  but  very  spuringly  dissolved.  (Count  SchaHgot«chJ 
Glucina,  ]ircci]iitiited  by  beat  from  asolutinn  in  potash,  is  likewise  neatlj 
insoluble  in  carbonate  of  ammonia.  (C.  Gmclin.) 

Glucinum  and  Potassium. 


A.  Glucina  and  Potash. — The  hydrate  thrown  down  from  a' 
"  gluciaa  by  amiuouia,  aud  wa*WV  \;\\.V«  mvV  VoV.  w  toW  >K-j»Ut,  i 
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solres  readily  in  solution  of  pota«b:  so  liken-ise  the  hydrate,  precipitated 
.  small  quantity  of  ]>otash,  is  immediately  redissolved  on  adding  an 
SB  of  the  rca^.'ent.  (C.  Gnielin.)  Carbonate  of  ginciaa  deposited  on 
iling  a  solution  of  that  salt  in  carbonate  of  potaiib  (C.  Gmclin)  or  in 
rhonate  of  ammonia  (Count  Scbaft'gotsch),  btliavea  in  a  similar  manner. 
Int  glucina  precipitated  from  a  solution  in  potash  by  boiling,  and  then 
radhed,  ia  no  longer  dissolved  by  a  cold  solution  of  potash,  unless  it  be 
,  dissolved  in  an  acid  and  rcprecipitated  by  ammonia.  (C.  Gmelin.) 
earth,  when  separated  from  a  solution  in  potash  by  boiling,  and 
bon  thoroughly  washed  with  boiling  water,  is  readily  soluble  in  cold 
olution  of  potosh.  (Count  SchafTgotiich.) 

A  solution  of  gluciua  in  concentrated  caustic  potash  remains  clear  ] 

mfter   boiling;  a  weaker   solntion   deposits  a  portion  of  the  glucina  on 

boiling;  and  if  the  liquid  is  very  largely  diluted,  the  whole  of  the  glucina 

Ls  sepurated,  even  below  the  boiling  point.  (C.  Gmolin.)     If  a  solution 

in  somewhat  concentrated  caustic  potash  becomes  turbid  after  continued 

boiling,  an  addition  of  water  will  produce  a  precipitate;  when  the  li<|uid 

l«i  .somewhat  dilute,  the  j)recipilation   hv  boiling  is  almost  complete:   but 

Mf  the  dilution  is  carried  beyond  a  certain  point,  the  liquid  must  bo  boiled 

wr  a  considerable  time,   to  effect  a   perfect  separation  of  the  glucina. 

Vhe  earth  precipitated  by  boiling  is  but  very  slightly  redissolved  as  the 

Buuid  cools ;  if,  however,  only  a  few  (lakes  are  deposited,   they  are  dis- 

Bned  again  as  the  liquid  cools,  and  reappear  on  boiling;  and  thi.'«  ctlect 

Hi|^  be  repeated  again  and    again.  (Count  Schaffgotsrh. )     Acids    and 

Knnioniacal  salts  precipitate  the  glucina;  the  former,  however,  if  added 

fl  excess,  dissolve  it  again. 

B  B.  Cahhosatk  op  Glocina  and  Potash. — Carbonate  of  glucina  is 
Kssolved  by  an  aqueous  solution  of  carbonate  of  pota^!h.  But  glucina 
fcrccipitated  from  its  solution  in  potash  by  boiling  (C.  Gmelin\  and 
Bkewise  ignited  glucina  (Schaffgotsch),  are  insoluble  in  carbonate  of 
■lota«h.  The  solution  obtained  by  supersaturating  chloride  of  gluciuum 
Britb  carbonate  of  potash,  de]Kisit«  less  glucina  on  boiling,  in  proportion 
Be  it  is  more  concentrated ;  but  even  when  largely  diluted,  it  does  not 
Beposit  the  whole  of  the  earth.  The  precipitate,  after  thorough  washing — 
«>  operation  attended  with  difficulty,  because  the  precipitate  fills  up 
Bbe  |>ores  of  the  filter — consi.'-ts  of  pure  hydrate  of  glucina,  free  from  ( 
botash  and  carbonic  acid,  but  perfectly  soluble  in  cold  solution  of  potash; 
It  is  therefore  different  from  the  hydrate  precipitated  from  a  solution  in 
Baustic  potash  by  boiling.  (C.  Gmelin.)  The  liquid  mixed  with  a  modo- 
■Bte  quantity  of  any  acid  deposits  carbonate  of  glucina. 

P  C.  SuLPHATB  OP  Glitcina  AND  PoTASH. — When  an  aqueous  solution 
of  M  parts  (1  ,\t.)  of  .sulphate  of  potash,  and  15  parts  (rather  more  than 
1  At.)  of  crystallized  sulphate  of  glucina  is  evaporated  at  a  gentle  heat, 
hho  double  salt  is  deposited  in  the  form  of  a  crystalline  crust.  The  excess 
bf  sulphate  of  glucina  is  removed  by  cold  water.  The  evaporation  must 
Be  8to|q)cd  before  the  liiiuid  becomes  turbid;  or  else  the  double  salt  will 
Be  docomjmscd,  and  the  whole  will  solidify  on  cooling,  to  an  easily  soluble 
nixture  of  the  two  simple  salts.  The  double  salt  dissolves  in  water  very 
Wuwly,  but  in  considerable  quantity.  At  a  red  licut,  it  is  but  partially 
Beconi]K>scd,  so  that  water  dissoive.s  the  sul]iliato  of  pota,sh,  together 
^itb  a  portion  of  the  sulphate  of  glucina,  leaving  a  residue  of  pure  glu- 
bn».  (Awdejew.) 
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D.  Fluoridb  op  GLUcntrM  a.sd  Potassitii,  and  HvDKoPLrATH 
Olfcika  axd  Potash. — 1.  On  mixing  chloride  of  glucinora  with  i 
fif  fluuriJe  of  potasgium,  a  gelatinous  precipitate  U  formed;  and  when  this 
precipitate  is  (iis»>lred  in  Cot  water  and  the  solution  cooled,  the  salt  is 
obtained  in  nnall  scaly  crystals.  (Berzelins.) — 2.  A  solution  of  glucina  in 
aqueous  hydroflaoric  acid  mixed  with  a  eolation  of  flaoride  of  pot^sgina, 
yields,  on  e\-aponition,  similar  scaly  cr3r9tals,  which  may  be  purified  by 
recryntallizatioD,  (Awdejew.)  The  ciystals  are  anhydrous,  decrepitate  in 
lie  fire,  and  dissolve  with   difficulty   in   water    (Awdejew);   much  more 

in  hot  thnn  in  cold  water.  (Berzelius.)     Gay-Lttssac  &  Thenar^ 

Lly  regarded  this  salt  as  hydroflaat«  of  glucina. 
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Qlvcwvu  ans  Sodhtu. 

A.  Glvcixa.  Akd  Soda. — Hydrato  of  glocina   diesolres  in  GolnUo 
of  caustic  boda. 

B.  Carbonatb  op  OLrciNA  Aioj  Soda. — Carbonate  of  glneina  di 
solve*  in  an  uqucous  solution  of  carbonate  of  soda.     100  part6  I 
glncina,  fused  for  au   hour  and  a  half  with  excess  of  dry  car i  f 
eoda,  do  not  expel  more  than  from  S73  to  0-53  parts  of  carbonic  acid 
on  the  addition  of  water,  i  of  the  earth  remains  undissolved:  the  portioi 
which  is  taken   up  is  gradually  precipitated  by  the  carbonic  acid  of  the 
air.  (Count  SchafTgotsch.)     Before  the  blowpipe,  glncina  behaves  with 
carbonate  of  soda,  borax,  and  phosphate  of  soda  and  ammonia,  iu  the  saino 
manner  as  yttria.  (Berielius.) 


Glccikcm  and  LrroicM. 
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Glncina  is  but  very  slightly  soluble  in  an  oqaeoos  aolutioo  of  carbo* 
iWtte  of  lithia.  (C.  G.  Gmelia.) 

Gluoiuum  likewise  combines  with  IroiL 
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rggrat    ScJiriJUn,  1,  190,  212  and  22G. 
brgnian:  De  covfectioiir  aluminu.     Opusc.  i,  279. 
Iclieele :  De  gilice,  argiUa  et  alumine.     Oputc.  267;  also  Crtll.  N.  Enid. 

3,  174. 

heoJore  von  Sanssnre.    Alumina.    /.  Phyt.  52,  290;  also  Scher.  J.  7, 
444. 

[lent  &  DcBormes,  and  Thfnard  &  Roard.     Alam.     Ann.  Chim.  57, 
327  and  59,  58,  also  K  Geld.  2,  3C4. 
&hier.     Aluminum  and  Chloride  of  Aluminum.     Pogg.  11,  140. 
ebig.     Alumiuum  and  Alumina.     Ann.  Plutrm.  17,  43. 


Alumium,  Aluminium. 


Alum,  which  -was  probably  kno'tm  to  the  andenta  (nnless, 
j-fcy  alum  they  understood  a  certain  kind  of  vitriol),  nnd,  till  the 
jtli  century,  wa*  broupht  to  Europe  from  the  east,  was  rcgiinlcd,  even 
the  times  of  the  Alchcmiets,  aa  a  compound  of  «ulphuriL'  acid  with  on 
rth.  Stahl  and  others  mistook  this  earth  for  lime;  Geotfroy,  in  1728, 
Dinted  out  its  existence  in  clay;  and  Marggrall',  in  17.')4,  proved  it  to 
a  Bub^tauce  having  a  separate  existence  and  peculiar  characters, 
erstedt  (Ferussae,  Bull.  d.  Sc.  Mathem.  &;c.  182G,  275)  showed  how  to 
pare  chloride  of  aluminum ;  and  from  this  compound,  Wuhler  BOO 
ilcd  in  eliminating  the  metal. 

Sourca.     Next  to  silicium,  aluminum  is  the  most  abundant  of  the 

ght  metals.     It  is  found  as  pure  alumina,  hydrate  of  alumina,  sulphate, 

Bd  phosphate  (sometimes  mixed  with  other  sulphates  and  phosphatc»), 

riiirate  (either  alone  or  combined  with  other  silicMcs,  in  a  vast  number 

fmincralr!),  and  as  mellitatc  of  alumina;  or  in  combination  with  ghiciuo, 

ttrnrtiia,  oxide  of  «nc,  oxide  of  lead,  and  protoxide  of  iron;  also  as 

noublo  fluoride  of  aluminum  and  sodium;  and  in  very  small  quantities 

in  plants,  but  not  in  animals. 

Preparation.     Eight  or  ten  globules  of  potaasium,  of  the  eiw  of  peu 

.     ■  '       frdm  naphtha  and  carbonaceous  matter,  are  placed  at  the  bottom 

lain  nrucible,  and  npon  thero  is  place<l  an  equal  volume  of 

f  aluminum.     The  cover  is  then  fastened  down  with  a  wire, 

;  iicible  hoiitcd  over  th»  flame  of  u  spirit'lamp,  gently  at  first,  but 

U)ur«  •Uongly  after  the  maw  Las  become  rod-hot.     Potassium  ooutaiiung 
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carbon  importe  this  Impnrity  to  the  aluminnm.  The  potassium  sb««M 
Dot  bo  iu  excess;  beoaase,  in  that  case,  on  subsequently  trcatitig  thu  maM 
with  water,  potash  would  bo  fonned,  and  wonld  c-ause  the  aluiiiiouui  lit 
be  oxidized  by  the  water.  If  too  much  chloride  of  aluminnin  its  oaeil, 
part  of  it  volatilizes  during  the  combustion.  The  crucible,  which  cont»iM 
A  blockish  grey,  almost  jierfectly  fused  mass,  is  allowed  to  get  perfectJi 
cold,  and  is  tlien  thrown  into  a  large  glass  filled  with  cold  water,  eo  that' 
no  rise  of  temperature  may  take  place.  The  chloride  of  potassium  and 
the  remaining  chloride  of  aluminum  then  dissolve,  with  slight  evolutioa 
of  f(iul-»nielling  hydrogen  gas;  the  solution  is  decanted  from  the  grey 
pulverulent  aluminum;  and  the  latter  is  throwu  on  a  filter,  washed  with 
cold  water,  and  dried.  (Wohler.)  From  the  intense  heat  developed 
during  this  process,  a  large  quantity  of  the  chloride  of  aluminum  is  lo»t 
before  decomposition,  pirtly  by  volatilization  and  partly  by  projection, 
t  especially  if  a  platinum  crucible  is  used.  (Liebig.) 

2.  A  very  thin  glass  tube,  from  three  to  four  lines  in  diameter,  i<: 
«1!ghtly  bent  at  about  nn  inch  from  the  sealed  end;  this  portion  of  tbi 
tube  is  filled  with  chloride  of  aluminum;  and  two  or  three  globules  ol 
potassium  of  the  size  of  peas  are  introduced  into  the  horizont,il  j>art  ani 
pushed  up  nc.ir  to  the  bend  by  means  of  a  glass  rod.     The  chloride  o£| 
aluminum  is  then  heated  gently,  so  that  its  vajKiur  may  slowly  pass  on 
the  potassium,  which  immediately  combines  with  the  chlorine  and  become 
red-hot.     Fresh  globules  of  potassium  are  pushed  in  from  time  to  time,] 
and  the  process  continued  till  the  chloride  of  aluminum  has  entirely  dt»-J 
appeared.     The  tube  is  then   broken :  the  pieces  throwu  into  a  largtt 
quantity  of  cold  water;  and  the  aluminum  washed,  first  with  cold  water,' 
and  afterwards  with  strong  alcohol.    The  whole  of  the  potassinm  rcqui 
may  also  be  introduced  at  first :  in  this  case,  the  globules  take  fire  one  aft 
the  other.     A  thick  gloss  tube  is  apt  to  crack  when  the  combustion  com 
mcnces.     As  the  moist  aluminum  soon  loses  its  met.tllic  lustre  whei 
exposed  to  the  air,  the  final  washing  is  best  performed  with  alcohol.  (Li< 
big.) — Sir  H.  Davy  (GUI.  37,  186),  by  passing  vapour  of  potassium  over 
alumina  at  a  white  heat,  obtained  small  grey  particles  interspersed  with 
aluminate  of  potash. 

Propertitt.     Grey  jMJwder,  resembling  finely  divided  platinum,  wit 
shining  tin-white  points  here  and  there.     The  powder  likewise  become 
tin-white  under  the   burnisher,  and  may   he   compressed  in  an    agatal 
mortar  into  larger  scales,  having  the  metallic  lustre,  much  whiter  tliuj 
yttrium,  and  apparently  somewhat  ductile.     In  close  vessels,  it  docs  not] 
fuse  on  cxjto.^ure  to  the  heat  of  a  blast-furnace  sufficient  to  melt  cast-iron; 
but   becomes  darker  and  less  oxidable.     \N'hen  placed   in   the  state  of 
powder  as  a  connector  between  a  pair  of  hydro-electrical  plates,  it  doeal 
not  conduct  the  electricity.  (Wohler.)     After  fusion  into  a  mass,  it  con- 
ducts electricity.    (Tod  Thomson,  rhU.  Mag.  J.  7,  441.) 


i4 


Compoundt  of  Aluminvm. 

Alumixttm  and  Oxyoex. 

Alumina.    Al'O'. 

OiiiU  of  AJuminnm,  Alnmine,   Thonerde,  Ahiunfrde. — Fonod  OS 
auJ  aliaott  absolutely  pure,  in  Sapphire,  lluhj/^      '  ' 
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Formtition.  AlumiQum  does  not  ohaugc  iu  dry  air;  liut  when  liealeJ 
to  rpiJuesg,  it  burns  briplitly  and  forms  while  and  tolerahr  hard  alnmina; 
when  heated  in  oxygen  ipt*.  it  burns  with  a  briiliuiicy  whi<!l.'iii','  eve  can 
ncarri'ly  oinlnre,  and  with  so  great  ft  degree  of  heat,  that  the  aliinir/ra 
foriiif^d  by  the  combustion  is  partinlly  fnaed, — Aluminum  retaina  itspoiisli 
under  cold  or  lukewarm  water;  but  near  the  boiling-point,  it  liberdtes 
livdiYiL'iMi  ga-i  very  slowly,  the  evolution  of  gas  continuing  for  some  timo 
:i!''  r  \h,-  liijuid  has  cooled.  In  solution  of  potash,  even  when  very  dilute, 
it  di,«to|ve.s  very  readily,  liberating  hydrogen  gas;  also  in  ai^neous  ammo- 
nia, which,  under  these  circuniHinnccji,  dissolves  an  cxlrunrdinarily  largo 
qn-'iiitity  of  the  alumina  produced:  similarly,  in  ililiite  hydrochloric  or 
iuli'iiuric  acid.  Aluminum  is  not  attax:ked  by  cold  concentrated  nitrio 
or  sulphuric  acid,  but  ilissolvea  rapidly  in  hot  oil  of  vitriol,  with  evolution 
of  sulphurous  acid.  (Wohler.) 

Pi-fjiaratmn. — 1 .  Berxelina  precipitates  a  hot  solution  of  alum  free 
from  iron  with  excess  of  carbonate  of  potash  or  soda,  and  digests  the 
precipitate  with  it  for  some  time,  in  oriler  to  decompose  the  basic  suU 
pliate  of  iilumiua  which  is  at  first  precipitated.  Ho  then  washes  the  pre- 
cipitate thorouglily  to  free  it  from  a<lhoring  alkaline  carbonate;  di»)olvea 
it  iu  hydrochloric  acid;  filters  the  solution,  if  not  perfectly  clear;  pre- 
cipitates the  hydrate  of  alumina  by  ammonia;  and  lastly,  igiiites  it. — 
2.  Hucholx  (Bfitrii'jf,  1,  74)  precipitates  the  alum  solution  with  excess  of 
carbouato  of  soda;  dis^(dvea  the  wiishrd  prccii)it!ilo  iu  hot  dilute  nitric 
acid;  throws  down  the  hydrate  of  alumina  hy  a  second  addition  of  carbiv 
n:il'"  of  i-ni\n;  and  ignites  it,  after  ihorongti  washing  with  water. — By 
precipitiitiug  alum  with  aniniooia,  a  basic  sulphate  of  alumina  is  obtained. 
—  M.  Lii'big  mixes  a  eolutiiin  of  alum,  free  from  all  traces  of  iron,  with 
excf,^*  of  ridorido  of  barium;  ev-iponites  the  filtrate  to  dryness;  ignites 
thi-  rcBidue;  and  dissolves  out  the  chlorides  of  barium  and  potassium  by 
nu-aii»  of  water  acid  ulato<l  with  hydrochloric  acid. — 4.  Gay-Lussac  [Ann. 
I'hiiii,  Phi/t.  5,  101)  decomposes  ammonia-alam  by  jguition :  it  must 
liuM  I'ver  be  perfectly  free  from  potash  alum. 

I'ropiTiia.     The  sappliire,  ruby,  and  corundum  fonn  cryslnln  Itelong- 

ing  to  the  rhoudiohedriil  system.     Primitive  form :  a  ratlier  acute  rhnm- 

bohedroH  (/'«/,  \rA\  also  Fij.  131,  132,  13.5,  137,  15.3,  and  other  forms); 

r»  ■.r*^  ««-  38';  r'  :  r'  or  r»  =  93'  22';  p  :  r  or  r'  =  122°  30'.  (Hnuy.) 

c,.,.,.;i'...  ./mvity  of  the  roby  =.  3-531  (Brieson);  of  the  sapphire  =:  3-.562 

i.roek);  of  corundum  =  3  944  (Mobs),   =  4009   (Brcithaupt). 

111.'  ii'j'l.nt  of  all  known  boilies,  except  the  diamond. — Artificially  pre- 

pareil  alumiuiv  is  white,  anil  after  exposure  to  a  low  tvA  heat,  becomes 

M  rv    light  an<l  soft  to  the  touch  (Bucholz,  F.icbig);  but  after  strong  igui- 

li.  ;i    it  cakes  together,  emits  sparks   when  struck   with    sti'cl,    and  is 

li:i;  llvto  be  scralched  by  an   English  file.     Its  specific  gravity,  aft(;r 

I.  I,/ strongly   heated,  is  eijmil   to   4-l.'i2,  at   4°   (3!)-2''   F.)   in   vacuo. 

(Koyer  i*^-   l>iiina«.) — Both  artificially  prepared  and  native  alumina  fusij 

nt  high  temperatures  more  readily  than  silica,  and  form  a  transparent 

-I       — ^Jlorvcau  obtained  a  white  enamel  by  exposing  artificially  pre- 

|.      .1  alumina  to  a  flame  fed  with  oxygon  ga*i.     .Sir  H.  Davy  fused  it 

<'■  •  l.e  circuit  of  a  very  powerful  voltaic  hatt<!ry;  Strnmrycr,  by  menus  of 

'     .  .f'.a  liliiwpiiic :   ^Inrki"  fu»e<l,  in  the  oxy-hydrogcn  blowpipe  Hame, 

!  loan  opaijue  white  globule),  corundum,  and  a.l>M 

ana,   which  yielded  a  yuWuvj  \.T*w»V'^'^*^''^^  ^ 

1  (//,,   111 .  X 
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Gnwliti   fijKpi?   ?«Tfi«?f1v  v'l'V'nfi    alumina  (preptireKi   by   tiie  f>«nAi 

I  olitaineii  ii  tmnsp&roat  mai  hI*« 

'1  liHviiig  a  c;ivity  contsioia 

iimina  which  remiiiug  ufurr  tbc  i 

..  ii.,  ._i  ..  _.,,  w  yellowish,  nnJ  cuts  irlass.   ;  Wi 

First  jireparcd  by  GnuJin.   (.'Inn.  I'harm. 

~ .  ,. .  I.  '!•<')     ThoroujrUly  washed  and  rtfeatly   prr^t 

bydnile  -preaJ  upun  a  watch-j^liiss,  Ui  about  the  (dfl 

of  the  b;ii  IV  Mi  a  Kuiie,  and  moistened  with  a  drop  or  two  g( 

mtclv  strong  solution  of  Uichromato  of  pot3«:h.     The  m%n,  •!»•_ 

well 'kneaded  tojrcther,  is  slowly  dried  bylheheat  of  a  «tovc,  and  'K/J 

which  appear  are  carefully  tilled    up    with  more  hydrate    of  ail 

When  the  whole  is  perfectly  dry,  a  piece  about  an  inch  lon^  if  faek 

pair  of  tongs  in  the  oxy-hydro;^u  blowpipe  flame,  so  that  thn  flame  i 

play  upou  its  edge.     In  the  course  of  a  few  minutes,  transparent  grlobttlei^ 

appear,  of  tlie  colour  of  ruby,  and  hard  enough  to  ecnitch  quarts  au4 

topaz.  (Bbttger,  Ann.  Pharm.  2!>,  85.)     Gaudin  u^^es  alumina  obtaJoed 

by  i^iting  ammouia-a!am,  and  mixet<  it  with  a  small  quautity   of  oxide 

of  chromium:    he  states  that  artificial  ruby   has   the   colour,  hardneM, 

density,  and  cleavage  of  the  native  mineraL  {Comp.  Eisner,  J.  pr.  Ottia. 

17,  175.) 

Alumina  has  neither  ta£te  nor  smell.  Its  powder,  moistened  with  a 
dilute  solution  of  nitrate  of  cobalt,  and  strongly  ignited,  afisame*  a  bean- 
lifnl  blue  colour. 

Calculation.  Berzelios.  H.  Dttf.  ' 

2JU,.- 2r-4     ....       .S3-31  53-3        36 

SO 24-0    ....      -46-69        46-7        U 

APO»  _    51-4     _.     10000        ~.         100-0        ~.         lOo" 

Dteompnsition.    By  potassium  at  a  white  heat.     By  carlton   in   t| 
presence  of  iron. — It  is  not  aflected  bj-  galvanic  electricity,  even  with 
aid  of  mrrcury  (H.  Davv);   or  by  sulphide  of  carbon   at  a  rod   bn 
(H.  Rose.) 

Combitiatiinu.     a.  With  water. — HmRATE  of  Alvhtsa.     a.  Jfono- 
kj/Jralf. — Found  native  as  Diatpore. — Dia<>poro  haa  the  form  of  a  trati 
iDceot,  crystalline  granular  mass,  of  specitic  gravity  =  t1'43.     Heated  il 
a  glass   tul>e,  it  decrepitates  violeutly,  and  cnimbles  into  small  whit 
brilliant  scales,  which  evolve  water  when  more  strongly  he.nted.  (  Ber 
lias.)     It  does  not  part  with  the  whole  of  its  water  below  a  tcm|>cr.itu 
of  360°  (G80^  F.);   consequently,  not   by    boiling    with    oil    of   vitriu 
(Dufrcnoy.)      It  is  not  dissolved  by  boiling    hydrochloric  acid,  whic 
only  extracts  the  ferric  oxide  roochanic^ly  mixed  with  it.  (Hess,  foi^ 

18,  255; — Dufrenoy,  J.  pr.  Chem.   11,  120; — see  also  Children,   Ah% 
Phil.  4,  146.) 

Diaiport.  Warn. 

APO>  51'4     ...     85-1     ....       85-52 

HO 9-0    ....     14'9     ....       14-48 

AFO>,HO      604     ....  100-0    ....     100-00 

B.  Bthydrate  of  Alumina} — Berthier  {Schte.  34,  4.'54)  found  in  a  ni 
hydrate  from  Beaux,  aud  Bucholz  found  in  the  hydrate  precipitated  fron 
nitrate  of  alumina  by  carbonate  of  soda,  72  per  cent,  of  alumina  and  31 
of  water. 
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y.   Tcr/ij/draie  of  Alumina. — Found  naiiye  bs  Gihbiiite. — 1,  Hydrochlo- 

te  or  nitritte  nf  alumina  ia  precipitated  by  excess  of  ammoniit,  and  the 

tlatinou;  precipitate  tLoroughly  washed  and  dried.     If  sulphate  of  alu- 

liiin  or  alum  is  used,  the  resuJting  hydrate   is  contaminated  with  gnl- 

itiurir  acid.  (Berzclius.) — Saussurc  distinguishes  a  spongy  and  a  gela- 

'ijfius  hydrate.     The  former  is  precipitated  from  concentrated  solutions 

aliimina  l>y  caustic  ammonia  or  carbonate  of  ammonia,  and  drie,''  up 

Iter  wii.<liiiig,  to  an  opatjue  earthy  lua-ss.     The  latter  is  precipitated  from 

Siutc  solutions;  and  yields,  on  drying,  a  translucent,  yellowish,  brittle 

llikss,  with  .-imooth   conchoidiil   fracture,  wliich  doe*  not  adhere  to   the 

togne.  or  fall  to  pieces  in  water.      Like  the  spongy  hydrate,  it  contains 

per  cent,  of  water,  of  wliich  however  it  loses  only   43  jier  cent,  nt  n 

td  heat,  aud  4fl25  per  cent,  at  a  white  heat. — According  to  BerrAdius's 

ippohition,  this  gelatinous  hydrate  ctill  retains  a  portion  of  the  acid 

am  which  the  earth  has  been  precipitated,  and  is  therefore  a  basic  salt. 

-Liebig,  ou  the  contrary,  found  the  following  results:    When  a  cou- 

iitTnt«d  solution  of  alum  is  treated  with  ammonia,  the  gelatinous  pro- 

pitato  is  at  first  opaque;  hut  by  continued  washing  for  a  week — daring 

iiieh  time  it  constantly  yield*  sulphuric  acid  to  the  water — it  beconiea 

Bre  and  more  transparent.     The  precipitate  obtained  from  a  dilute  solu- 

DO  of  ulum  is  transparent  from  the  first;  and  after  being  washed  and 

gited,  yields  a  horny,  dense  kind  of  alumina;  the  hydrate  precipitated 

om   chloride  of  aluminum  by  ammonia  behaves  in  a  similar  manner. 

Aqneiius  solution   of  potash  saturaUMi   with  hydrate  of  alumina  and 

ppt  in  bottles  or  exposed  to  the  air,  deposits  a  dilUcultly  soluble  hydnito, 

►hich,    after  being  thoroughly  washed,  is  quite  free  from  potash.  (V. 

tinwlorff. ) 

Gibbsitc  is  stalactitic,  translucent,  fibrous,  and  readily  dissolved  by 

cid«. — The  hydrate  prepared  by  the  first  method  is  sometimes  a  white, 

sque,  soft,  friable  niiias,  sometimes  translucent  and  coherent;  it  adheres 

the  tongiie,  and  forms  a  stitl"  paste  with  water.     It  is  only  when  con- 

Iminnted  with  ferric  oxide,  that  it  emits  a  smell  of  clay  when  breathed 

At  a  red  heat,  it  partj<  with  its  water,  undergoing  a  remarkable 

[ialraction  of  volume.     It  is  very  soluble  in   acids. — The  hydrate  pr&- 

ed  by  the  second  method  consists  of  small   cry.stallino  grains,   united 

Bto  a  crust  of  warty  or  lumpy  form.     It  loses  water  at  a  reil  heat.     It 

dcarcely  soluble  in  cold  sulphuric,  hydrochloric,  or  nitric  acid,  and  ia 

try  slowly  dissolved  by  boiling  hydrochloric  acid:  hot  sulphuric  acid, 

Bwerer,  is  a  somewhat  belter  solvout.  (Uousdoril',  Poffff.  27,  275.) 


Torrejr. 

Bcrzeliai. 

Bonsdorff. 

CalciiIiUian. 

Gibliiite. 

Ar(\f.  1. 

Arl\f.  2. 

APO» 

..       51  •«     ,  .       OibO    .. 

C4-8     . 

65     .... 

65-35 

SHO 

..      27-0    ....      31-44     . 

..      34-7 

..      3B     ... 

34-65 

A1«0»,3H0  

78-4     ...     10000     . 

99-5     .. 

..     100    .... 

10000 

IIydrar(iyUUt,  which  occurs  in  regular  six-sided  prisms,  is  also  a  hy- 
ite  of  alumina:  its  atomic  composition  is  not  yet  knowu.  (G.  Rose, 
^0^.  48,  5fi4;  50,  056.) 

fc.  With  .\cids,  forming  the  Salts  op  Ati-MtVA.     Alumina  shows  loss 
nily  for  acids  tlinn  any  of  the  ciirtli.s  hitherto  considered      The  «ai>- 
liirt*.  ruby,  :iiid  corundum  arc  insoluble  in  acids.  (I.,  .')M.)     Artilici:illy 
iiared  uliiinina  likcwi.se  diitsolrcs  witli  grout  ditiiculty  after  iguitiou. 
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— In  fine  powder,  U  is  slowly  diasolred  by  a  mixture  of  equal  part* 
oil  of  \-itriol  and  wat^r,  bnatml  till  a  portion  of  tbeaciil  cvap": 
zcliun);  it   is   also  sluwly  dii^solvcii  by  l)oilin;^  byJrocbloric  u' 
doca  not  act  on  powdered  sapphire.    (H.   Roao,    Poyg.   52,  5l».».) — E 
strong  i^ition   with  exceas  of  a  fixed  alkali,  even  cnpphire  is  render 
easily  solable  in  acids.     The  ordinary  hydrate  disMlves  without  mnq 
difticully. — The  salts  of  alumina  are  not  coloured,  nnless  tlic  acid  wi( 
which   the  earth  is  combined  has  a  colonr  of  its  own.     They  are  f<| 
the  most  part  soluble  in  water,  and  often  crystallisable. — The  nor 
salts  of  alumina  contain   3  atoms  of  acid  to  1   atom  of  base,  becau 
the  latter  contains  3  atoms  of  oxyjren. — The  soluble  Mlt«  have  an   acii 
very  astringent,  and  slightly  sweet  taste,  aud  redden  litmus  strongly.- 
Thoae  which  do  not  contain  a  fixed  acid,  are  decomposed  at  a  re<l  he 
tlie  acid  being  volatilized  or  decomposed,  and  pure  alumina  left  bchinq 
Moistene<l  with  a.  dilute  solution  of  nitrate  of  colialt  ami  then  ignite 
Uiey  yield  a  residue  of  a  beautiful  blue  colour  (Nmalt).     From  the  sulab 
salts  of  alumina,  all  the  alkalis  and  all  the  earths  hitherto  mentiono 
throw  down  a  white,  gelatinous,  Uoculent  hydrate  of  alumina;  an  exo 
of  potash  or  soda  redissolvcs  the  precipitate,  which  is  again 
on  adding  Kal-ammoniac.     A  largo  excess  of  ammonia  dissolves 
very  small  quantity  of  the  hydrate;  sal-ammoniac  dissolves  none  wJu 
ever.     The  normal  carbonate,  bicarbonate,  or  hydrosulphato  of  amn 
nia,  potash,  or  soda — and,  according  to  Fnchs,  carbonat«  of  linje  alsu 
precipitates  hydrate  of  alumina,  with  evolution  of  carbonic  acid  or  su 
phuretted  hydrogen;  an  excess   of  the  carbonate  of  ammonia,   pot 
or  soda  dissolves  but  a  very  small  quantity  of  the  hydrate,  but  ma 
when   the  solutions  are  very  concentrated.     Phosphate  of  soda  add 
to  n  normal  salt  of  alumina,  precipitates  phosphate  of  alumina  in  trau 
parent,  colourless  (lakes,   solulilo  in  acids  or  in  potofh.     Concentrat 
Solutions  of  salts  of  alumina,  when  mixed  with  sulphuric  acid  and  pot 
or  ammonia,  in  such   proportion   that  the  acid  may  predominate,  yield 
after  a  few  minutes,  crystals  of  alum.     Monotnngstate  of  soda  prccij" 
tites  the  alumina-sal t.'<  completely.  (Anthon.)     Mixed  with  sulphate  aa 
acetate  or  formiate  of  potash  at   the  same  time,  they  become  turbid 
the  application  of  hesit,  from  formation  of  a  basic  double  salt,  even  thoug 
free  acetic  acid  may  bo  present.    (Liebig.)     Ferrocyanide   of  potassiui 
throws  down,  slowly  in  the  cold,  but  rapidly  with  the  aid  of  heat,  a  whil 
mixture — soon  changing  to  green  and  blue^-of  hydrocvanate  of  protoxitf 
of  iron  and  hydrate  of  alumina,   hydrocyanic  acid  being  set  free  at  til 
same  time.  (Ittncr.)    Alkaline  succinates  give  a  precipitate  with  solution 
of  salts  of  alumina,  when  not  too  dilute;  tincture  of  galls  throws  do* 
yellowish  flakes.     The  salts  of  alumina  are  not  precipitated  by  hyd 
sulphuric  acid,  hydrofluosillcic  acid,  oxalic  acid,  alkaline  oxalates, 
tartrates. 

c.  With  all  the  alkalis,  and  with  most  of  the  other  earths,  forming 
variety  of  compounds,  some  of  which  are  found  native.    These  compoandi 
in  which  the  alumina  plays  the  part  of  a  weak  acid,  are  called  AlumiK 


Alumimum  and  Carbon, 


Carbonate  op  AurMrNA. — Alkaline  carbonates  added  to  a  solntia 
of  any  salt  of  alumina  precipiljite,  not  carbonate  of  alumina,  but  a  cor 
pound  uf  alumina  witU  a  smadl  qitautity  of  the  alkaline  curbouate.    Tli 
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hydrate  is,  bowever,  partially  soluble  in  aqoeooa  carbonic  add,  and  is 
ag»tn  •oparatotl  in  tbo  form  of  pure  hydrate,  on  warming  the  solution  or 
exposing  it  to  the  air.  (Th.  Sautisure.) 

IT  Muspratt  finds  that  the  pr>,'cipita.te  produced  by  carbouatu  of 
Mnmonia  io  a  solution  of  alum  is  really  a  carbuauto  of  alumina,  and  gives 
ike  following  analysis  of  it. 


3A1'0' 1S3 

2CO»  44 

16H0 ^ 144 

3AFO«,  200=,  16HO      341 

(Qu.  J.  ofChtm.  Soc.  2,  216.)  T 


Calculation. 


44-86 
12-91 
42-33 


100-00 


Mospratt. 
44'H2 
1219 


Alumincm  and  BonoM. 

Borate  op  Alumina.  —  a.  Sea^oraie,  Formed  by  precipitating  a 
eolation  of  alum  with  boras.  White  pearly  scales,  soft  to  the  touch 
(Bendant);  very  sparingly  soluble  in  water. 

b.  Acid  borate.     Melt«  in  tbo  fire  to  a  glass;  has  an  astringent  taelc. 


AlU.M1:«UM   and   PnOSFBORCS. 

A.  Phosphide  op  Alcminum. — Aluminum  heated  to  redness  in 
Tspour  of  phoi^pborus,  combines  with  it,  producing  a  rather  vivid  iucan- 
desccnec,  and  forming  a  greyish-bliick  powder,  which,  under  the  burnidhor, 
ii6siuucs  a  metallic  lu»tre  and  dark  grey  colour;  it  smells  of  pho«pburetLed 
1     '  I.  aud,  iu  contact  with  cold  water,  slowly  evolves  tbi»  gas  in 

pontancuubly  inflamuablo  state;   more  rapidly  in  hot  water. 
(Wuhlcr.) 

B.  HvpopnoBi'HiTE  OF  Alu.mi.'*a. — An  aqueous  solution  of  hypopbos- 
pboruus  acid  saturated  with  hydrate  of  ulumiua  in  the  cold,  and  cvapo- 

ited  iu  vacuo  after  filtration,  leaves  a  viscid  rcbidue,  wbich,  in  a  cold 

tmos]>hcre  free  from   moisture,  dries  up  to  a  shining,  brittle,  gummy 

of  conchuidal  .fracture  and  not  deliquescent.     Heated  iu  a  retort, 

Bl  evolves,  firiit  «])oniancou;ily  inflammable  and  then  uon-spoutaueoubly 

influinniablo  phosphurctted  hydrogen  gas,  and  leaves  a  reddish  substaoco 

"  chind.  (H.  Ko6e,  rw/g.  12,  80.) 

C.  Phosphite  op  Alimina. — Formed  when  an  aqueous  solution  of 
CTcbloride  of  phosphorus  neutralized  with  ammonia  is  precipilaled  by  a 
olution  of  alum. — As  long  oh  the  <|uantity  of  the  latter  is  ineutlicient,  the 

precipitate  di8app<.^ur8  again  on  shaking  the  mixture;  iho  liitiate  aUo  yields 
'bcopioua  precipitate  wlion  boiled. — While  powder,  which,  on  being  healed 
la  relort,  evolves  hydrogen  gas  aud  vapour  of  phosphorus,  and  loaves 
icolourlew  residui.-.  (ll.  Hose,  t'ugg.  y,  3U.) 

D.  Ordin.vrt    riiospHATE    OF    Ali'mina. — a.    DlpJuinp/ialr.     This 
%rm  t«  b*>  the  contitilutiou  of  Turrjanu'C  or  Kaiaile,  which,  according 

lysis,  uiiut  be  regarded  as  2A1'0",  P0'-f5Aq,  coloured  by 
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AtCinNVM. 


h.     Tt94iirA  notftUte.—Otrnrs  in  the  fnrro  of  W<ntUUe,  Ltnimik, 
f^wfSMimd,'m  right  rhvtah  ;ty2-33.— ObUiaei 

I  a  white  precipitate  re<<>mV  .      .  lina,  bnt  Jen  tnw- 

oe  mixing  a  eolu  d  pLwe)>iiatu  t>f  alumiua  with  c\cet»  of 

,„ia, — or  a  eall  of  wjtii  pbospboric  acid  nr  phosplisto  <■( 

_        and  Am  witb  unmunia  or  acctatr  of  ammonia.     The  salt  impart! 
\  Unisk-gfMB  eoloor  to  the  blowpipe  flame.  (Fuchs,  Seine.  24,  121.) 


SAPO" 

JdW 

WHO       ^      

Hf<ra6Mnc  AaA,  Umt,  Saqoi-) 
osida  at  Iran  aad  Mai^mese   f 


W—tUUt. 
IM-S    ._.    S8-97 
I«2-«    ..-    S5-W 
IWO  26-67 


Puehi. 
37 -2 
Ml 
28-U 


Bcrcliiu. 

33-40 
26-80 

S-81 


tOi-O 


100*00 


100-3 


Wit 


9     Afxnrdinir  to  Ranmeliiberg  (Poffp.  64,  251  and  405),  Uie  getatl- 
I  preripitate  ul^tained  on  sapersatarating  a  solution  of  munophofpbatc 
alumina  in  bvdrurhloric  acid  with  ammonia,  is  a  thrcc-fourtb«  pboi- 
[|)faa«>.    having    the  cumposition    4.\1'0',  3PO'  +  18Aq.     At  100", 
rnUMit*  of  the  watrr  art>  driven  ofl".  5 

According  Jo  Bmelins  (A>»n.  Chim.  Phyi.  12,   16;  Jakresbericht,  \l 

197),  fluoride  of  aluminum  really  enters  into  the  composition  of  Wavellib 

[which    be   rejETirds  a£   a   componnd   of  3(4ArO'.  3P0*+ 18Aq)  +  Al'r 

Fnrlis  foond  no  fluorine,  and  Erdmann  (.9i--4ir.  6;t,  154)  mere  trace*. 

Car^Kinate  of  jwia.'^h  witbdraw!*  all  ibe  jibospboric  acid  from  tbo  i 
:"      ■         '  '  likewise  dissolves  a  portion  of  the  alumina,  whici 

lirown  down  bv  passing  carbonic  acid  ga.«;lbrono 
iLv  :;i,uja.  (\  a;..,ui.i:!i.  Ann.  Chim.  OC,  213;  Ann,  Chim.  I'hyt.  21,  loS!] 
Raniniclsberjr  fi'iind.  on  the  contrary,  that  phosphate  of  alumina  w« 
not  dfcompo"  -ii  dayt."  dij.'t-#tion  with  carbonate  of  potash.  ■ 

only  of  tbr  t  \  lieinjr  rciuuvod,  and  the  basic   J-phivrpbaft 

left, — 1 1  but  verj-  little  phosphoric  acid  to  aqueous  aninifl 

nia.     Il  .  Ived  by  solution  of  potash,  and  precipit.-ilcil  ui 

changed:  solution  by  sal-unmioni.-ic     Lime-water  or  chloride  i 

calcium  -• ,     ■        'be  whole  of  the  phosphoric  acid  in  the  form  of  pbn 

Shatc  of  hmc,  wbiUt  alumina  remains  in  solution,  or  at  least  may  " 
isstdvcd  out  from  the  precipitate  by  treating  it  witb  an  additional  qua! 
titv  of  jH.tasb.     A  Mdution   of  silica  [K ietfJ/eucAti^leil)  throws  down 
gelatinous  double  silicate  of  alumina  and  potoi-b,  leaving  all  the  ])bo«pbor 
acid  iu  the  liquid    (Fuchs.)     When  a  solution  of  the  sail  in  hydrochlor 
acid  ie  tnised  with  tartaric  acid,  then  with  ammonia  and  hydrucblorutet 
laagnceia,  the  whole  of  the  pbospb<iric  acid  is  precipitated  in  the  form 
pbos^b.%te  of  magnesia  and  ammonia,  whilst  all  the  alumina  remains 
solnlion.   (Otto.) — The  fall  is  insoluble  in  water,  but  dissolves  in  aquood 
hyilrocbbiric  or  nitric  acid:  from  a  solution  in   the  latter,  when  neutr 
acetate  of  lead  sejuirates  a  poition  of  the  phosphoric  acid  as  pho^ibat 
of  lead.   (Fuchs,   isfJttp.   24,    122.)      Nitrate  of  silver,  on   careful  .-iddi 
lion  of  auinionia.  throws  down  yellow  triphosphate  of  silver.  (H.  Ro*c,)j 

e.  Srtiftiij>hi%r}>huU} — Ordinarv-    diphospbute    of  soda   produces    in 
solntion  of  nluni  a  gelatinous  precipitate,  which  dries  up  to  a  white  tai 
less  jKiwder,   insoluble  in  water  and  solution  of  s;il-aniniouiac,  but  dt^ 
solved  by  acids  (including  acetic  acid,    WiUttrin),  and  by  caustic  jk)U 
when  struugly  heated,  it  yields  a  whito  enauicl. 
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d.  Acid  p/uifphate. — Prepared  by  dissolviog  a,  b,  or  c  in  phospliorio 
id. — Leaves  a  gummy  residue  on  evajwration;  fuses  to  a  cle»r  glassj 
iliqueaccs  in  tho  air.  (Foiircroy.) 

Ptropbospuate  op  Alumina.  ^ — Prepared  by  precipitating  uu 
neons  solution  of  fiesquicbloride  of  alnminom  with  pyrupliosphate  of 
la: 

2K1'CP  +  3(2N«0,  PO')   =  2(Ai:0»),  3P0»  +  6NaCI. 

Amorphous,  white  precipitate,  resembling  the  ordinary  hydr.ite  of  alumina, 
noluble  in  mineral  acids  and  solution  of  pyrophosphate  of  Hoda,  but  not 
in  acetic  acid  (which  distinguishes  it  from  the  ordinary  sesquiphosphate, 
Wittslein,  Rtprrl.  63,  224).  Thesolution  insnlphurouaacid  water  ispre- 
cipitated  in  an  amorphous  state  by  boiling.  Neutral  pyrophosphate  of 
alumina  i.s  soluble  in  ammonia  and  potiish;  but  the  salt,  when  dissolved 
in  hydrochloric  acid  and  precipitated  by  ammonia,  is  not  re-dissolvcd  by 
exc«6s  of  the  reagent;  a  portion  of  i)ho«phorio  acid  however  remains 
in  the  solution.  Tho  hydrated  salt  contains  10  equivalents  of  water. 
Dhwarzenberg,  Ann.  riiarm.  Qa,  2.) 


2AI-"CV 

Calcnlation. 
.     102-8     ....       32-43 
..     214-2     ....       67-57 

8cbwarxciil>erg. 
32-52 

SPO* 

....       67-48 

2AFCy,3PO'   .. 

.     317-0     ....     100-00 

....     100-00 

ipe\\ 


METAriiospiiATC  OF  Alcmina. — Maddrell  {Mem.  Chim.  Soc.  3,  273) 
pares  this  salt  by  dissolving  hydrate  of  alumina  in  excess  of  mqueoua 
)horic  acid,  evaporating  to  dryness,  and  heating  the  residue  to  316°. 
'liiic,  anhydrous  salt,  insoluble  in  water  and  concentrated  ncids. 

CalrulotioD.  Maddrell. 

APO>  51-4     .  .       19-352     ....       19-392 

3RH  214-2        .       80-648     ....       80.607 


A1'0>,3P0*   ....  265-6 


100-000 


99-999 


Aluminum  akd  Sulpbur. 


A.  SuLPniuE  OP  Aluminum.  —  Sulphur  may  be  distilled  over  alu- 
inum     without   combining   with    it;   but   when   thrown    upon    ignited 

iminuni,  it   ia  absorbed  with  vivid  incandescence.     The  sulphide  is  a 
jck,  vitre6ed  mat's,  having  a  semi-metallic  lustre,  and  aseuniing  an  iron- 
Jcy  colour   under  the  burnisher.     It  has  a  pungent  taste  like  that  of 
iiyarosulphuric  acid.     When  exposed  to  the  air,  it  gradually  swells  up, 
lilting  hydrotulphuric  acid,   and  crumbling  to  a  grevish-white  powder, 
^nder  w-ater,  it  is  quickly  resolved  into  hydrosulpburic  acid  and  greyish- 
coloured  alumina.  (VVbhler.) 

B.  Sui.ruiTBOF  Alumina,  a.  Monotulphitt. — Ad  aqueous  solution  of 
sulphnrono  jiciil  is  satur.ited,  at  ordinary  tenii>erature8,  with  hydrate  of  alu- 
mina, nnil  the  clear  liquid  lieu  ted  to  a  teiiipeiatnre  <if  74"  (I(j.1'  F.).  by  which 
ine.Tiis  the  ourtli  is  precipitated  and  sulphurou.-  ucid  ga,s  evolved.  (Gouggiirs- 
[M.-rg,  Ann.  Fliarm.  45,  132.) — White  powder,  having  an  e.trlhy,  fiulphu- 
rtius  taste.  fFourcroy  it  Vuuquelin.) — It  evolves  sulphurous  acid,  ovcuj 
ai  100^,  and  when  ignited  for  a  short  time,  leaves  a  residue  of  alaiois'^ 


SIS 
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rootAinioe  snlphiiric  aciil  (Kourcrov  &  Vauqoolin);  but  after  prolmgodl 

i  '     I"   tempcmturf*,  nutfiing  Jiut  puru  alun'"  't  boliind. 

(,  -I      It  oxidiics  ill  llif  !iir,  foniiiug  sulp.  miiufi'. 

&  \   > .  1ii.:kv,   wLi:ii  iii  CDiitoct  witli  water,   it  (juirkly  gii'  iMt 

of  alumina  to  that  liquid.  (Gou)a:ginsp<rrg.) — It  <loc6  not  ili  lurt: 

wutaT,  but  ill  «olubU  10  an  AQueuiu  solution  of  snlphurous  acid.  (  Fuuitavj 
<&  Vuuciudin.) 

ColcuUtiun.  Goorginn"^-        Vinqudin. 


APO*         „                    514     . 

80»    . ._ „„     32  0 

..     4.V05 
2f>-79 

3oia 

4.tlO 
2701 
29B8 

4« 

31 

4no   -      an  0 

24 

APtV.  SO'  +  ^Aij.       H!l-4 

10000 

10000 

100 

6.  Tertvlphile  I — The  solution  of  hydrale  of  alumina  iu  aqticoBi  < 
pliiiroiis  aciii  leave--  n  ^uniniy  innB:i  wlica  evaporated  in  vacuo.  It  I 
nduiiliy  tiwomw  oxidized  in  the  air,  and  forms  suI|ihnto  of  aliirotn*. 
iiven  at  74  (lO.vi"  J .),  it  ilepoeit^  all  tbe  alumina  in  the  fiirni  fif  saltii, 
and  gives  off  a  largo  <jiiantit_v  of  sulphurous  aeid;  and  the  Hltratc,  «l-j 
tough  still  conlnining  sulphurous  acid,  is  quite  free  from  alumina.  (  TUX 
Jonhier,  Ann.  C/tim.  I^hyt.  JO,  3"  I.) 

C.  Hyposclpbate  op  Aldmina. — Tersnlphate  of  aliimiua  b  procifi. 
ited  by  hyposulphate  of  bnryt.i,  the  liiiuid  filtered,  and  loft  to  erapo-l 
ate  in  tbe  air;  the  «ilt  is  then  deposited  in  very  email  cryi.talg.  If  iJ»J 
I'aporation  is  carried  on  to  dryness,  in  vacuo  anil  at  ordinary  t«mpeta4 
ares,  the  salt  soon  bc;;iu$  to  decompose,  and  the  whit*  amorphous  mi 
rhicli  remains  is  found  to  contain  a  large  quantity  of  sulphuric 
'leeren.) 

D.  SrLPHATE    OP    Alpmina. — a.  Twt>-fifi]a  Snlphattt — Pi 
consists  of  .5A1=0',  2S0'  +  aOAt).     A  portion  of  the  alumina  is  howerc 
replaced  by  sesquioxide  of  iron.   ('Erilmann,  Schw.  02,  104.) 

b.  MonosulpliaU.  —  Found  native  a-f  AluminiU.  —  Precipitated  from] 
an  aqueous  solution  of  tcrsulphate  of  alumina  by  ammonia;  after  wasLinj 
and   drying,   it    forms   a  wbite  powder,    (Ber«ulius.)      Aluminito    is  l 
white,  opaque,  earthjr  mass,  soft  and  coherent,  of  specific  gravity  r705J 
soluble  in  hydrochloric  acid,  and  jiarting  with  all  its  acid  at  a  rod  iieat 
(Stromeyer,  Sdiw.  19,  424.) 


80*    .»•(•*» *>... 

9HO  

lime,  silica,  lesqui*   I 
oxide  of  Iron        / 


Alvminite. 
iVi    ....    29-81 
49-0    ....     Z3'20 
81-0     .  .     4C-09 


Stromeyer. 
29-87     . 
,       23-S7 
4«-76 


172-4 


100-00 


100-00 


Buc'boti. 
31-0     . 
21-5 
450     . 

2-0     ., 
~99'S~ 


Simon. 
.32-50 
I9-2i 
4700 

I-2A 

lob-ot" 


e.  Four-Uurd*  SulpJuiltf — TLia  salt  was  found  deposited  in  tlie  farnu 
of  a  crust  <>n  the  sides  of  a  ghias  vessel  in  which  dilute  sulphuric  acidl 
perfectly  satumtod  with  hydrato  of  alumina  had  been  kept  for  several] 
yoars.  Under  the  microscope,  it  appeare<l  to  consist  of  a  mass  of  vory] 
small,  transparent  ne<><ll(Vj,  When  gently  heated,  it  cv<dved  water;  aod  1 
on  iguition,  sulphuric  acid  was  given  off.     It  irat  soluble  in  144  part*  ofj 

cold  water,   in  3U-8  parts  of  boiling  water.  ■:■■■]   ' '    ■'   xfitli  ease  in 

liydrocUloric  or  uitrio  acid.  (RammeUberg,  /' 
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Calculation.  Ramraeltberg. 

8A1»0» 154-2     ....     26-39  ....     26-67 

4S()» 160-0     ....     27'39  ....     27-47 

30HO  270-0     ....     46-22  ....     45-86 


584-2 


lUOOO 


lOOOO 


Wlien  tuoderately  dilute  siilpliurio  acid  is  saturated  by  digestion  ■with 
hydrate  of  alumina  and  filtered,  a  liquid  i«  obtained  (according  to  Phillips, 
v/wn.  Phil.  20, 280),  which,  on  being  mixed  with  water,  becomes  turbid,  and 
continues  for  many  montlin  to  deposit  a  basic  s^alt.  This  salt,  after  drying, 
is  partly  opaque,  partly  tran.slucent  like  horn,  and  contains,  besides  water, 
162-y  parts  (rather  more  than  4  At.)  of  sulpliuric  acid  combined  with 
154-2  parts  (3  At.)  of  alumina.  The  liquid  filtered  from  this  precipitate 
has  nearly  the  same  compo.sition,  and  is  cliaractorized  by  becoming  turbid 
as  often  as  it  is  heated,  an  appearance  which  Gny-Lussac  (Jnn.  Chim. 
Phyt.  21,  22.'))  attributed  to  the  presence  of  a  foreign  salt. 

d.  Bintlphate. — A  concentrated  solution  of  tersuiphate  of  alumina 
18  warmed  for  a  considerable  time  with  monoaulphate;  filtered  hot; 
eTaporotod  to  dryness  at  a  gentle  heat;  and  the  gummy  mass  which 
remains,  preserved  in  well-closed  vessels.  In  moist  air,  this  salt  is  dccom- 
|K)8ed  and  becomes  opaque;  and  in  coutact  with  water,  it  is  resolved  into 
tersuiphate  which  djssolves,  and  inonosulphate  which  remains  behind. 
Also  by  digesting  a  solution  of  the  tersulpliatc  with  carbonate  of  lime,  a 
liquid  is  obtained,  which  is  rendered  opacpio,  either  by  boiling  or  by  dilu- 
tion with  water;  but  contains,  iu  addition  to  the  bisulphate  formed,  a 
portion  of  tersuiphate  of  alumina  fctill  uudccomposed.  (Maus,  Poyij.  11, 
SO.)  The  same  salt  (contaminated  with  3  per  cent,  of  sulphate  of  iron 
and  coutainiog  water)  is  found  on  Mouut  Ararat.  (Gobel,  ScAw.  60,  401.) 


I 


Mnu«. 

Goliel. 

Calcnintion. 

Arlif. 

Native. 

A1»0» 

61-4     ...     3912     .. 

39-4     .. 

39-81 

2S0»  

...„      800     ....     60-88     .. 

60-6     .. 

.      6019 

APO«.2SO«  

131-4     ....  10000    .. 

.     100-0    .. 

..     100-00 

Id  both  analyses,  the  comhinod  water  was  disregarded. 

e.  Tcniilphati. — The  anhydrous  salt  obtained  by  heating  the  crystal- 
liied  salt  is  a  spongy  mass,  of  s])ccific  gravity  2-74  (Karsion);  it  jKirts 
with  it*  acid  at  a.  red  beat  without  fusing,  and,  according  to  Wohler, 
leaves  pure  alumina  when  ignited  in  a  current  of  byilrogen  gas. 

With  18  utomi  of  water. — Found  native,  composing  many  of  the  so- 
culled  Cajtillary  Sail)  (1/aar-mlse).  Prepared  on  tlie  largo  scale,  conta- 
minated with  a  small  quantity  of  alum,  for  manufacturing  purposes.  (Molir, 
Ann.  I'liarm.  34,  34.3.)  Hydrate  of  alumina  is  dissolved  in  dilute  sulphuric 
acid — or,  according  toDcscotils,  ammonia  alum  is  boiled  with  aqua  regia  till 
all  the  ammonia  is  destroyed — and  the  liquid  evaporated  till  it  acquires  a 
evrupv  consistence. — The  native  .salt  is  crystalline  and  granular,  or  bos  a 
p.'irallcl  fibrous  structure;  the  artificially  prepared  salt  exhibits  thin,  jjcarly, 
lioft  nc«-<lles  and  himimc.  From  a  solution  in  hydrochloric  acid  it  crys- 
tallircs  in  beautiful  tabular  cry.stJiU.  (Kane.)  The  salt  is  permanent  in 
the  air,  and  has  a  rough  and  highly  a<-itl  taste;  when  heated,  it  swells  up 
very  strongly  and  loses  its  water  of  crystallization;  it  is  soluble  in  2  parts 
tdwAi  vtMs,  but  scarcely  at  all  iu  alcohol.  (Derzclius.) 
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1 

ALUimrOM. 

BoBBingutt. 

C^nUtkm.                     fmm  Puto. 

PhmBOm 

AFO>. 

51-4     ....     15 -la         ...           \t-99 

15-86 

SSO» 

120-0    ....     35-99        .  .          35-68 

35 -.^1 

WHO 

..._.     162-0     ....     48-59          ..           49-34 

48-85 

333-4 


100-00 


10000 


100-M 


[For  acooonta  of  the  uativo  salt,  vui.  Boossingault  (Ann.  Chim.  Phyi.  30,1 
109,  5S,  348),  H.  Rose  {Pogg.  27,  317);  Mill  (S\  Qvart.  J.  o/&.3,| 
382);  Rammelshorg  {Pogg.  43,  130  and  339).] 


Alvmimuii  and  Selsxium. 

A.  ScLE-NiPE  OP  ALCMixrsi. — Alaminnni  heated  to  redneeti  witfa  rlr-1 
Dioin  becomes  incandescent  and  unites  with  (be  ^leniuni,  formiog  a  Uock] 
powder,  which  acquires  a  dark  metallic  lustre  by  preesure;  emits  u| 
uduur  of  eelenioretted  hydrogen  when  exposed  to  the  air;  and  rapidl/l 
evolves  that  gas  when  immersed  in  water,  the  water  soon  becoming  n4' 
froiu  aeparation  of  Eclcniam. 

B.  HTDROSEi.EKm;  OP  ALrMiNA.-^Anaqoeous  solution  of  hydrocda 
Bite  (if  potaiih  ]>ruduce«  -with  the  salts  of  alumina  a  flesh-coloured  predpiJ 
late,  which  gives  off  selenium  at  a  red  heat.  (Berzelius.) 

C.  Selknite  op  Alcmina. — a.  Terulenite. — Precipitated  on  addinj 
st-lonite  of  potash  to  a  jierfectlv  neutral  solution  of  chloride  of  alumiaum 
or  of  alum.  White  powder,  losing,  when  ignited,  first  water,  aud  i 
the  whole  of  its  acid; — ineoluble  in  water, 

CalcobtioD.  Mu«i«ntt. 

.\PO»    ...„       52     ._,     21-17 

3S«(V 166    ..-    68-01 

3HO tt     ....     10  8-'      .       10-71 

Al=0»,3ScO=  +  3Aq.       247     ....  100-00 

b.  Sae-ielfnite. — By  dissolving  the  salt  a,  or  the  hydrate  of  alunin 

iu  aqueous  solution  of  sclenious  acid,  and  evaporating.     C<  '       '         ti 
parent,  gummy  mass,  having  a  rough  taste,  and  easily  i^i  . 
(Rerzclios.) 

D.    Teh-sblesiate   of  .^u•>^I^A. — Similar  in  its  behaviour 
enlphnric  acid  salt,  and  yieldinjr,  under  the  same  circumstances,  i 
spending  basic-salts.  (Beriielius,  L<hrl.  4,  341.) 

Alioninum  ia  not  affected  by  ignition  in  vapour  of  iiMline.  (U'ohler.J 


Alumnum  and  Bbomlve. 

A.  BnoMinE  of  Alcmincm. — Bromine  vapour  pas.sod  over  an  igiiit< 
luixiore  of  .ilumina  and  charcoal,  forms  bromide  of  aluminum;  water  dii 
ftulveji  out  hydrobronmte  of  alumina.  (Lowig.)  < 

lli/draUd  Bromide  of  Aluminum  or  UydnAromole  vf  Altimina. — / 
feolution  of  hydrate  of  alumina  in  aqueoos  inttittP'*^  *'^^  yields  a 
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mass  of  needles  crystallized  together  in  tnfie.  The  salt  hii«  a  styptic  tAsto; 
reddens  litmns  feebly;  highly  deliquescent;  resolved  by  heat  into  hydro- 
bromic  acid  jfas  and  alntnina;  very  soluble  in  water  and  alcohol.  (Lbwig, 
Berthemot,  Ann.  Chim.  Phys.  44,  3^4.) 

B.  Bromate  op  Alumina. — A  solution  of  the  hydrate  in  the  aqueous 
a«id,  concentrated  under  the  evaporating  receiver,  leaves  a  tough,  trans- 
parent iaa«s  which  contains  no  crystals,  and  when  exposed  tu  the  air, 
deliquesces  to  a  thin  liquid.  (Rammelsberg,  Pogy.  55,  63.) 


Aluminum  and  Crlorink. 

A,  Chloride  op   Aluminc.m. — Aluminum  heated  to  rcduess  in  a 
current  of  chlorine  pas  takes  fire,  and  is  converted  into  chloride  of  alumi- 
num, which  sublimes.  (Wohler.) — Dry  chlorine  gaa  is  passed  over  alumina 
mixed  with  powdered  charcoal  and  ignited  in  a  porcelain  tube.  (Oerstcdt.) 
— Wohler  precipitates  the  hydrate  from  a  hot  solution  of  alumina  with 
carbonate  of  potash;  mixes  it,  after  being  thoroughly  wjished  and  dried, 
with   powdered  charcoal,  sugar,  and  oil,  to  the  consistence  of  a  thick 
pa>tc;  ignites  this  paste  in  a  covered  crucible;  and  introduces  the  carbo- 
nized mass,  while  still  hot,  into  a  porcelain  tube.     To  one  end  of  this  tube 
is  attached  a  chloride  of  calcium  tube  through  which  the  chlorine  pa88<'»<; 
at  the  other,  a  small  tubulated  glass  globe  with  a  tube  for  the  escape  of 
gas.       As  ijuou  as  tho    apparatus  is  filled  with  chluriue,   the  purceliiin 
liil'c  and  its  rontcnts  are  ignited,  and  the  chloride  of  aluminum  oirriod 
alc.nL'  by  the  carlwinic  oxide  gas,  comlenscs,  partly  in  the  fonn  of  powder 
in  the  globe,  and  partly  as  a  .solid  mass  at  the  extremity  of  the  porcelain 
tube,  which  is  often  ttojiped  up  by  it.     If  the  hydrate,  thrown  down  by 
carbonate  of  pota^h  from  alum,  is  not  submitted  to  long  continued  wash- 
ing, s-iilphate  of  pota.-'h  remains  mixed  with  it — and,  during  the  ignition 
->   ill    charcoal   and  chlorine,   gives  rise   to  tho  formation  of  Buli>hido  of 
I'Mi.i^.sium,  and  subsequently  of  chloride  of  sulphur,  which  mixes  with  tho 
chloride  of  aluminum.     On  this  account,  Liebig  precipitates  a  solution  of 
alum  free  from  iron  by  a  slight  excess  of  chloride  of  barinm;  evaporates 
the  filtrate  to  the  thicknchs  of  syrup-^from  which,  on  cooling,  the  chlorides 
of  potansium  and  of  barium  crystallize  out  completely;  decants  the  solu- 
tiou  from  the  crystals;  mixes  it  with  pounded  sugar  or  starcli,  amounting 
to  one-fifth  of  the  weight  of  the  alum  cmploj'ed;  and  ignites  the  whole  in 
%  c<ivcred  crucible:  by  this  process,  an  intimate  mixture  of  jiure  alumina 
an<l  charcoal  is  obtained.     This  mixture  is  introduced  into  a  tube  of  hard 
glass  from  2  to  '2.J  feet  long  and  (i  lines  in  diameter,  one  end  of  which  ia 
connected   by  means  of  a  cork   with  a  tubulated  receiver  fitted  with  an 
optii  pii-ce  of  barometer  tube,  to  allow  the  carbonic  oxide  gjis  (o  escape. 
A/>  till?  chlorine  must  be  perfectly  dry,  I.icbig  passes  it  from  (ho  gonenitor 
througli  a  Woulfe's  bottle  containing  oil  of  vitriol,  by  which  means  also, 
by  observing  the  rapidity  with  which  the  bubbles  of  gas  succeed   each 
'ilhfT,   the  rate  of  evolution  of  the  chlorine  may  be  oh8er\-ed  and  regu- 
!       As  soon  as  the  air  is  entirely  ex[iclled  ny  the  chlorine,  the  tube 
ited  to  redness;  and  when  all  appearance  of  moisture  has  ceased,  tho 
H-r   is  attached  to  the   tube,     A  sniall  quantity  of  tliu  clilonde  i>fj 
iiimi  collects  in  the  receiver  in  the  fnrui  of  u  ilght,  bulLv  i'"«<l'jr: 
r  portion  however  condenses  in  the  cold  extrenn 
,  imnt,  dark-yclIow  drops,  which  solidify  in  a  crv;...:. 
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At  the  end  of  tho  opention,  tbia  mats  \a  dotacbtd  from  fhe  ((iTv>  >>▼  i 
of  k  strong  iron  wire,  and,  logotbor  with  tlie  din' 
nccirer,  put  into  a  small  retort  and  puril'iod  hy  ■■■ 

chloride  dojtonitti  iUielf  in  the  neck  of  iho  retort.   (Licbig.  i  ■--«!>& 

ycJlow  (VNOhler);  Icmun-coloured,  waxy  nll^«^'  (Liebij;);   ii        ,  t, 

of  a  crystnlline  tcztnre,  resembling  talc.  Molt«  when  boated  uodc-r  i 
oil,  without  bowerer  disBolving,  aud  forms  a  brownifJl-n^d  liijuid.  (W< 
lor.)  Fusible  in  large  masaea;  s  rawll  quantity  inimediatvly  evsporsU 
on  the  auplicalion  of  heat;  boilaat  18U~ — 186  (350' — 363'  9.).  (Liebij 
Fumes  slit'blly  in  ibe  air  and  smeiis  of  bydrocbloric  acid.  (W&hler.) 
conijKxied  by  potassium  at  a  temperature  much  below  redness,  the  »cti<( 
l>oing  attended  with  brilliant  incandescence  and  projection  of  part  of  til 
ingredients.  Heated  with  potassium  under  look-oil,  no  reaction 
place.  (Wohler.)  By  distilling  chloride  of  aluminum  with  auhyJni 
sulphuric  acid,  sulphurous  acid  and  chlorine  aro  wt  free,  and  sulptuUe 
slumjua  Li  Ic/t  behind.  (H.  Rose.) 

APCP  +  «SOJ  =  A1'0»,3S0'  ♦  SSO-  +  3Cl. 

ColruUtion. 

«A1   ...._ 271         ...........        20-31 

aa     -..  106-2        7949 

A«a»   13J-fl        100-00 

Us/if  rated  Chloride  of  Aluminum  or  Ter^kydroMoraU  </  AlHMina.~-_ 
Chloride  of  aluminum  rapidly  llelil]ue^cc8  in  the  air,  forming  tran.-'pare 
drojig,  and  diMolv-c«  in  water  with  a  bisjing  noise  and  cvoluiiou  uf  he 
the  &ulutiou  is  traniiparenl.   (Wiibler.) — A  similar  solution  is  obl-iiocd 
enturaling  hyilrocbloric  acid  witii  hydrate  of  alumina.     The  suluiion  iQ 
to  e\-Bpontte  in  a  warm  and  \ery  dry  atm«>«jiberc,  yields  regular  siz-sid 
pri!-m:<  with  tlie  terminal  face^i  of  »  rbombohedron,  the  angles  of  whk 
measure  about  138    (I'^ig.  H6).     The  crystals  do  not  cfflorosce  in 
eva]>oratiug  reoeirer  over  oil  of  vitriol.     They  do  not  melt  when  be 
but  evolve  wilier  aud  hydrochloric  acid,  leaving  21603  percent,  of  alumifl 
in  tho  form  of  the  crystal.     In  an  onlinary  atmosphere,  they  doliijae 
with  great  rapidity.   (Bonmlotff,  J'offg.  21,270.)     Tbo  salt  is  very  eoiuh 
in  water  and  alcohol 

Cryictallixed.  Or: 

»Al.- ^ „      27-«         UM  Al'CP  ..     51-4  ...  21-27     ....     21- 

SCI „. 106-2        43-96  3HCI    .  1092  ...  45-20 

12HO    108-0        44-70  9HO ....     810  ....  33-53 

Al=Cl'+12.\q 241-6       10000  241-fl     ....     lOUOO 

B.  Hypratkd  Chloride  of  Alcmimtm  axd  AtrMiNA,  or  Basi 
HYDUOciiLon.\TE  OF  Ali'MINa. — M'hen  au  ni{ue<)us  solution  of  chlorid 
of  aluminum  is  mixed  with  a  quantity  of  anniionia  not  sutiicicnt  to  sat 
rate  it  comjdetely.  a  precipitate  is  fonned,  which,  when  thrown  on  a  6U 
and  washed,  gradually  becomes  traufiluceut,  partially  di.ssulves  in  tl| 
water,  and  stops  uji  tho  pores  of  the  C Iter.  Ammonia  decomposes  i " 
salt  and  separates  hydrate  of  aluininA.  (Bcrrclius.) 

Hydrate  of  nlumina  does  not  dissolve  in  water  tlirongh  wbicb  chlorii 
ia  pueed.  (Grouvelle.)   According  to  Cheneris,  bowerer,  it  doe«  dissoU 

C.  CnLOiiATR  OP  Alumika. — A  solution  of  ibe  double  fluoride 
ailiciuui  and  uJumiiium  is  pTcctp\UUA  w\tJk  i^iilfeiiLaUJvnted  i-olutid 
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of  chlorate  of  potash  in  equivalent  proportiona,  then  filtered,  and  evapo-    ' 
rated  to  a  Email  bulk. — It  cictunatca  very  slijfhtly  on  i^ited  charcoal, 
producing  a  violet-coloured  flame; — deliquescent.  (Berzelius.) 

D.  Perchloratk  of  Alumina. — Perchloric  acid  Baturatcd  with 
hydrate  of  alumina  yields,  on  evaporation,  an  uncrystallizable  *alt  wliieh 
reddens  litnins.  deliquesces  in  the  air,  and  is  soluble  in  alcohol.  (SeruUas, 
Ann.  Chim.  Phys.  46,  304.) 

E.  PnospHTHETTED  Hydrooen  WITH  CntoRiDE  OP  Alumindm. 

Chloride  of  aluminum  absorbs  phnsphurottod  hydrogen  gas  but  very 
slowly  in  the  cold;  after  five  hours,  the  compound  contains  only  3'67  per 
cent,  of  phosphuretted  hydrogeu.  If,  however,  it  be  subaequeutly  heated 
in  a  rapid  current  of  tho  same  giw  till  it  gradually  sublimes,  tlie  phos- 
phuretted hy<lroiten  i.s  absorbed  more  abunduntly,  without  decomposition, 
and  tho  compound  sublimes  completely  and  is  depusitcd  in  crystals. 
— Those  crystals  dissolve  in  water  with  evolution  of  non-spontane<m3ly 
inflammable  phosphuretted  hydrogen,  and  yield  a  solution  of  chloride  of 
aluminum.  When  larsrer  qaantities  are  use«I,  spontaneously  inflammable 
gas  is  likewise  evolved:  ammonia  liberates  only  the  latter.  (H.  Rose, 
Fogg.  24,  295.) 

CnrKalUcrd.  H.Rosc. 

3APCl» 4008     ....       92-09        ....  9129 

PH»  34-4    ....        7-91        ....  8-71 

Th'.SAK;!* 4Si-2     ....     100-00        Z         100-00 

F.  HvDRoscLpnATE  OF  Chloride  of  AtmiiNnM. — Chloride  of  alu- 
miDuiu  h.18  no  action  upon  hydrosulphuric  acid  gas  at  ordinary  tempera- 
tures.— To  form  the  coiu])ouiid,  cblorido  of  aluminum  is  sublimed  in  a 
small  retort,  while  a  rapid  current  of  dry  hydrosulphuric  aciil  is  pas'sed 
through  the  tubular  opening:  the  excess  of  that  gas  is  afterwards  expelled 
by  a  current  of  dry  hydrogen.  Tho  compound  sublimes  in  the  ueck  of  the 
retort,  partly  in  transparent,  pearly  cryst-als,  partly  iu  the  form  of  a 
dense  brittle  mass,  which  becomes  white  after  fusion. — Sublimes  in  a  glass 
tube;  it  evolves  a  portion  of  the  hydrosulphuric  acid  amounting  to  about 
30  or  40  times  it*i  own  vidume.  In  water  it  is  converted,  with  consider- 
able rise  of  t<?mpenituro  aud  evolution  of  hydrosulphuric  acid,  into  a  solu- 
tion of  chloride  of  aluminum,  reuderod  turbid  by  the  presence  of  sulphur.  It 
deliquesces  rapidlv  in  the  air,  with  continued  exhalation  of  hydrosulphuric 
acid.  With  aniinonia,  it  yields  hydrochlorato  und  hydrosulphato  of 
ammonia,  while  hydrate  of  alumina  is  separated.  (Wohler.) 

■  ALUMINtm  AKO  Fluorink. 

A.  1I^T>RATED  PLUORIDE  OF  AlI'MINITM  or  TER-nVDROFLtT ATE  OP 
Alitmwa. — A  solution  of  hydrate  of  alumina  in  aqueous  hydrofluoric 
acid  yields,  on  evajioratioii,  first  a  syrup,  and  subsequently  a  transparent, 
iSbrous,  ^umniy  muss,  easily  detached  from  the  vessel  by  water.  By  igui- 
lion  it  is  converted  into  salt  B,  with  loss  of  hydrofluoric  aci<I,  It  is 
tasteless,  and  dissolve*  slowly  in  cold,   but  more  rapidly  in  hot  water. 

^bo  solution  attacU.s  the  glass  vessel  containing  it.     The  salt  fonns  double 
^alts  with  the   fluorides  of  zinc,  nickel,  and  copper.    (Berzelius,  I'ogg. 
1,  23.) 

B.  FLHOniDF.  OP  ALUMINtTM  WITH  AlUMIMA. — Remtlius  UV   O^ft  ■a.w'lV'J- 

drous  stuttt  ou  igmt'iBg  A,  aud  is  not  (uiUioc  OiccomYtQaoi  %V  -a*  \!^^«x 
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tainpentare.  Obtained  as  a  hydrate,  or  as  btuie  hydrn^wtU  of  atumina, 
by  Higestint;  an  a^juooaa  solution  of  A  with  hydrate  of  alumina:  it  fornL< 
a  truus])a]'cut  jelly,  wliicL  dries  up  to  a  yellowish,  gummy  mass.  (Hcr- 
xolius.) 

C.  Hydrated  Flcoboride  op  Ali'mishm,  or  Hydropluatb  i 
Borate  of  Alumina. — CrvBtallizea  by  slow  cvaponition  from  a  koiutio 
in  excess  of  acid.  Soluble  only  in  water  which  contains  free  acid 
(Byi'7.erm.s.) 

On  mivin):  the  hydrofluate  of  borate  of  soda  with  chloride  of  almni 
num,  a  basic  cuinpouiiil  sL>])urate.«,  and  the  liquid  contains  free  acid,  whia 
reliiina  a  portion  of  the  precipitate  in  solution.     The  precipitate  fuses) 
a  red  heat,  evolving  water  and  hydrofluate  of  boracic  acid,  and  leavin 
fused  borate  of  alumina.  (Berzelius.) 


Alvmiruh  and  Nitrogen. 

A.  Nitrate  op  Alumina,     a,  Baiic  Nitrate. — Separates  as  a  pi 
mass  when  the  salt  h  is  decomposed  by  ammonia,  even  though  the  ammvi 
may  be  in  excess.  (Berzelius.) 

b.  Ternitrate.  Prepared  by  saturating  nitric  acid  with  hydrate  of 
alumina.  Crystallizes,  but  with  diHiculty,  in  thin  colourless  loininr 
and  generally  remains  in  the  form  of  a  tenacious  gummy  mass,  when  tl 
solution  is  evaporated.  It  has  a  rough  acid  taste,  and  reddens  litni 
According  to  13iicholz,  it  contains  22  per  cent,  of  the  earth  combined 
with  78  of  acid,  which  is  easily  expelled  by  heat. — Very  soluble  in  water 
and  alcohol;  deliquesces  in  the  air.— Prom  a  solution  of  alumina  in  excew 
of  nitric  acid,  the  greater  part  of  the  alumina  separates  in  Hakes,  slowly 
at  ordinary  temperatures,  but  more  rapidly  on  the  application  of  heat. 
After  wasliing,  it  dries  up  to  a  granular  powder,  partially  soluble  and  " 
small  quantity  only  in  boiling  sulphuric,  hydrochloric,  or  nitric  acl 
(Hollunder,  kastn.  Arcfi.  12,  424.) 

B.  Ali-minate  op  Am.mo.nia. —  Hydrate  of  alumina  dissolves  ver 
sparingly  in  solution  of  amnioniu.  It  .separates  again,  however,  aft4 
standing  for  .some  time  out  uf  riint.ict  of  air.  [The  best  precipitant  fqj 
alumina  in  analysis  is  sulphide  of  amuionium.  (Mulaguti  &  Durouhoi 
N,  Ann.Chim.  I'hyi.  16,  421.)] 

C.  Cariioxate  of  Alumina  and  Ammonia. — a.  When  sulphate 
alumina  is  preci|>itatcd  with  excess  of  carbonate  of  animcmia,  the  pr 
pitute,  after  being  digested  for  some  time  in  the  solution,  is  found  to 
free  from  sulphuric  acid,  but  to  retain  a  portion  of  the  carbonate 
animunia,  which  is  not  entirely  expelled  even  at  a  temperature  of  1 
(Korchhammer,  Pogg.  35,  33C.) 

b.  When  a  solution  of  alum  is  supersaturated  with  concentrat«d  car- 
bonate of  ammonia,  a  small  quantity  of  the  alumina  di-ssolves  and 
again   thrown  down  on  heating  tho  liquid,  but  not  on  diluting  it  wi 
water.  (Gmelin.) 

D.  Sulphate  OF  Ali;mi.na  and  A.m.mo.ni.v. — Ammonia-nhtm. — Fou 
native,  though  riirely.  (Stromeycr,  Schei:  0!>,  2G0;  Bliiuchet  k  Lecan 
J.  I'harm.  13,  419.) — frrparation.  Sul|)hale  of  alumina  is  first  pi 
pared:   1,  From  alum-slate,  lignite  containing  inm-pyritcs,  or  nny  <«lher 
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iduiiiiDOUd  mineral  penetrated  with  veino  of  sulpliiJe  of  iron.  These  mine- 
tnJg  arc  oitlier  disintesrated  by  exposure  to  the  air,  or  roasted,  or  slowly 
burnt:  tliu  siiiiiliato  of  alumina  tlius  formed,  together  with  the  ferrous 
and  forric  suljihatcs,  is  extracted  by  digestion  in  water — and,  if  necessary, 
Uie  greater  part  of  the  ferrous  sulphate  separated  by  evaporation  and  cryn- 
tallixation;  and  tlic  diaulphato  of  ferric  oxide,  wliich  is  formed  and  pre- 
cipitate<l  by  exposure  to  the  air,  removed  by  subsidence  and  decauiation, 
—Or  2.  By  treating  clay  with  sulphuric  acid. — A  solution  of  sulphate 
nf  alumina  having  been  thus  obtained,  it  ia  evaporated  down  to  a  certain 
jioint,  and  then  mixed  with  decomposing  urine  (which  contains  animo- 
niacat  snlt^):  the  ammonia-alum  then  separates,  and  nuiy  be  purified  by 
rei>eated  solution  and  recrystallization.  If  the  two  liquids  are  mixed  in 
the  cold,  the  salt  is  deposited  iu  the  form  of  Aium-mt'.tl  {^.Uitiiiimthl), — 
The  iron  contained  in  the  sail  ainoutiting  at  most  to  0'001,and  often  only 
to  O'OOO.')  of  the  whole — is  separated  by  dissolving  the  salt  once  or  twice 
iu  a  small  ipiantity  of  hot  water,  filtering,  crystallizing,  and  tlien  washing 
the  crystals  with  cold  water.  The  presence  of  iron  in  the  alum  is  detected 
by  su[>ers:itunLting  the  aqueous  solution  with  potash.  The  alumina  dis- 
•olves,  and  the  oxide  of  iron  is  left  as  an  insoluble  residue. 

Crystallizes  in  combination  with  water  in  transparent  colourless  crys- 
teb  belonging  to  the  regular  system,  generally  in  octoheilrons  {Fig,  I,  2, 
4,  5,  6,  0.  and  11  );  specific  gravity,  1-62<J.  (Kopp.)  The  crystiila  have 
a  oonchoidal  fracture:  a  sour-sweet,  rough  taste;  and  redden  litmus. 


CryslaUizcd.  Riffuult.  ForcUuunmcr. 

N»' 17  0     .  ;»-75 

.K\HV  514      ..        11.14       ....  I1-90G  .  \V2i 

•J.fO' 1600     ...       35-29  36042  .  3590 

23HO 2250     ....       49-62 

453-4  IOU-00 

(XH'0,SO>)-t-(Al'0»,  3SO')-l-24Aq.;  or,  according  to  Kane,  (HO. 
SO",  HAd  +  6Aq)  +  Ar-0',  3SO>+18Aq. 

When  heated,  it  loses  water,  swells  up,  and  forms  a  porous  spougy 
mass,  sometimes  called  Hurnt  rtlitm,  Aliimrn  ustiim.  After  strong  ignition 
it  leaves  a  residue  of  pure  alumina.  Cold  water  dissolves  it  sparingly; 
hot  water  much  more  i-eadily. 

lianic  AiiiMoniit-iihim. — u.  When  a  cold  solution  of  anira(mia-alum  is 
mixed  with  ammonia  till  the  precipitate  is  no  longer  re-ilissolved  on 
shaking  the  liquiil,  the  solution  is  found  to  contain  a  compound  of  sul- 
phate of  ammonia  with  biaulphatc  of  alumina,  which  crystallize.^  with 
difficulty,  and  only  in  the  form  of  a  crust.  The  solution  gradually  ilepo- 
sits  monusuljdiate  of  alumina;  but  on  the  addition  of  water,  the  precipita- 
tion is  immediate.   (Mau.s,  J'ogg.  11,  81.) 

6.  If  to  a  boiling  solution  of  ammonia-alum,  ammonia  Is  added  by 
degrees,  but  not  to  complete  satunition,  a  compound  separates  which 
contains  monosulphate  of  alumina.  (RilTault,  Ann.  Chim.  I'hys.  16,  3.59.) 

Cklculatiou.  lUfikult. 

NH» 170    ....       4-12 

SAI'tP l.M-2     ...      37-41         ....         37-572 

4.*:0"    li'.ll-O     ....       3H  H-i         ....         3H-724 

OHO    KIO    .  .      19-65 

412-2     ...     100-00 


ALL'MINtrU. 

NH'O.SO'+3(Al»OVSO>)  +  8A<}.— More  probable,  Uiongh    »«  lo 
allieilv   '  liuw  witb  Ri(r*ult'fi  analjrsii  is  the  formuU:  NH'O, 

ffl0»+'3(.'  r9Aq. 

K.  CiTLoRiDRop  Alumtkum  WITH  AMMnnTiA. — a.  Dry  ainraoni««J  gad 
is  Bt  first  elowly  absrirbed  by  chloride  of  alaminum:  but  on  a  "' 
nbiiorplion  takes  place  with  .'^ach  nipiciity,  that  the  compouiiil  > 
by  the  hfut  evolved. — b.  When  o  is  distillod   [in  iimnioiiiacal  j;;i-- / 1  n 
oompound  0  i<  produced  and  possus  over  into  tlie  r>."oeiver.^.   The  '"i  i 
pound  a,  ditililled  i»  a  vcsocl  full  of  hvdri>i,'fn  Sfi-'i,  parts  with  an  uiii 
tioual  quantity  of  ariunonia  and  yield*  the  coinpfnind  e. — a  and  b  diArulvr 
iu  water,  with  fiartial  sefiaration  <<f  alumina;  c  disaolrM  without  leaving 
any  residue.  (H.  Row?,  Poff</.  24,  208;  8W  also  Person.  Ann.  Ckim.  /"Ay^ 
44,  320.) 

CalraUtion.  Pcnoi.  Ros*. 

3MH»   51-0    2rfi3    27-8     „      ,      24  7     

APCP  IS3'«     72-37     72-2    75  3 


a. 184-6    lOOOn 


100-0 


lOO-O 


» 


NH« 

APC:i".. 


17-0    Jl-29 

138-6    88-71 


Rose,  e. 
13 
87 


160-S     100-00 


100 


F.  FLfoniDF.  OF  Alpmist-m  wrrn  HmnopLnATE  ok  Ammonia.- 
When  hvJratc  of  .alumina  is  (ii<rested  with  hydrofluate  of  ammuniu,  pad 
of  the  ammonia  is  exfiellcd  and  a  tran.sparent  jelly  is  formed,  whieh  drii 
np  lo  a  white  pow-der,  and  evolves  when  heated,  first  ammonia — and  th< 
bihydrofluatc  of  ammonia,  leaving  a  compound  of  fluoride  of  alurainnij 
w-itli  alumina.  The  salt  is  feebly  soluble  in  pure  water,  but  not  in  wat 
containing  ammonia  or  hydrofluat*  of  ammonia,  either  of  which  pr 
pitates  it  from  an  aqueouii  solution.  (Berwlius,  Pogg.  1,  45.) 


AlUMIKUM   JlNP   P0TAS8TCM. 

A.  Ali'misate  OP  PoTASU. — a.  Anhydi-vut. — Alumina  ignited  with 
hydrate  or  carbonate  of  |K>ta«h,  combiueo  with  the  potash,  forming  a  grey 
loose  opaque  ui:L»ti,  soluble  in  acids. 

b.  llydraUd. — When  a  boiling  solution  of  cuuAlic  pota«h  \s  gntnrvil 
with  hydrate  of  alumina,  evapomtod  to  a  gmall  bulk,  and  the  small  po 
tiou  of  pot.-wli  which  remains  uncombined,  dissolved  out  by  alcohol, 
compound  remains,  consisting  of  47"i<7  )>er  cent.  (1  At.)  of  po 
with  ol-13  per  cent.  (1  At.)  of  alumina.  (I'nverdorben.  I'oyy.  7,  72 
— Fremy  {Compt.  reml.  1.5,  HOC)  oblaiiie<l  this  compound  in  a  crystalii 
form  with  2  atoms  of  water  =  KO,  Al'0'  +  2Aq. 

c.  At/neout  Holntioii. — Prepared  by  dissolving  a  or  t  in  water,  or  b 
saturatinij  a  hot  solution  of  potabh  with  hydrate  of  alumina.     Colourl 
liquid,  decomposed  by  acids  au«l  by  nmmoniacal  salts,  with  separation 
puro  hydrate  of  alumina;  and   by  barytvwater,  strontia- water,  milk 
lime,  and  lime-water,  witb  precipitation  of  aluminate  of  baryta,  stronti 
or  lime.   (Guytou-Morveau,  Ann.  Cliim.  31,  246;  Bucholz,  Ttiscfurnb.  181 
]56;  Dobereiner,  Schw.  10,  113.)     The  decompo.oitioii  oflTectcd  by  lime 

not  complete,  (Kuhluunu,  .Ann.  I'/iai-ia.  41,  22yi,^^Kil^  f*  itolutiou 
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potash  is  satarated  with  iiydratc  of  aliimina  precipitated  by  carbonate  of 
ammonia,  the  solution,  even  when  kept  in  well-closed  bottles,  deposits 
after  some  days,  pure  hydrate  of  alumina,  y,  2  (HI.,  307);  this  prccipit»- 
tion  is  probably  caused  by  the  carbonic  acid  proceeding  from  a  portion  of 
a*lhering  carbonate  of  ammonia.  If  air  be  admitted,  a  still  larger  qimn- 
tity  is  precipitated,  by  the  action  of  the  carbonic  acid  contained  in  it. 
(Bonsdorfl",  Foffff.  27,  275.) 

B.  CAnsoNATB  OP  Altjmin.v  a.nd  PoTAsn. — a.  The  precipitate  ob- 
tained by  adding  an  excess  of  carbonate  of  potash  to  a  salt  of  alumina, 
rotiiius — however  well  it  may  bo  washed — a  portion  of  carbonate  of  pot- 
Oah  in  a  state  of  intiniato  combination;  it  does  not  evolve  carbonic  acid 
•when  ignited,  but  dissolves  with  ctrorvesccuco  in  the  stronger  acids.  (Ber- 
zolius.) 

i.  When  a  saturated  solution  of  carbonate  of  potash  is  added  in  large 
excess  to  a  solution  of  uluni,  a  portion  of  ulutiiina  remains  dissolved. 
(Gmelin.)  A  boiling  concentrated  solution,  more  especially,  dissolves  alu- 
mina; hence  the  first  few  drops  of  chloride  of  aluminum  added  to  a  boil- 
ing solution  of  carbonate  of  potash  ;;ivo  no  precipitate;  and  on  increasing 
the  (juantity  till  a  permanent  precipitate  begins  to  appear,  and  then  filter- 
ing, the  liquid  as  it  cools  deposits  voluminou.i  (lakc.s  of  hydrate  of  alumina: 
a  portion  however  still  remains  dissolved  after  the  solution  has  become 
cold,  and  may  be  thrown  down  by  neutralizing  with  hydrochloric  acid 
and  then  adding  carbonate  of  ammonia.  (Magnus,  J'og^.  21,  58.) 

C.  Sulphate  op  Alumina  and  PoTAsn. — Potculi-altim.  —  Fonod 
native  in  a  few  minerals,  and  as  an  etflorescencc. — Preparation. — 1.  The 
aJuminouB  earth  of  volcanic  regions,  or  alum-stone  previously  ignited,  is 
exhausted  with  water,  and  the  solution  evaporated. — 2.  Sulphate  of  alu- 
mina is  prepared  as  for  ammonia  alum  (III.,  319),  and  substances  contain- 
ing potash  are  a<lded  to  it — as  the  ley  from  wood-ashes,  crude  potiish, 
6uIphato  of  potash,  and  chloride  of  potassium :  hence  also  glass-gall, 
soap-boilers'  ley,  &c.  may  be  used.  Potash  alum  then  crystallizes  out, 
and  may  be  afterwards  purified  by  repeated  crystallization.  Cr^'stalline 
form,  fracture,  taste,  and  other  characters,  similar  to  those  of  ammonia- 
aluin.     Specific  gravity  :=  1'724.  (Kopp.) 

Tliunnrd  Sc 
Crystallized,  Thomson.        UoirtL       Vauqaclin.     Graham. 

KO    4;-2     ...      9-95     ...       9-86     ....     1002     ....     10-40| 

AFO" 51-4     ....     1093     ....     1109     ....     12-53     ....     1050>  ....     5411 

480"     1600     ....     33'71     ...     .12-85     ...      2fi04     ....     .30-52) 

-iMHO    216-0     ....     45-51     .       46-20     ....     51-41     ...     48-58     ....     45-89 

Pdtasli-alam.      4746     ....  10000     ...  10000    ....  10000     ....  10000     ....  100-00 

According  to  Kane:  (KO, SO' -|- CAq.) -KAl'O',  3S0'+ 18Aq.);  ac- 
cording to  Graham:  K0,S0'-i-(Ar-0S3S0'-h«Aq.-|- ISAq.). 

Cryatallized  alum  loses  18  atoms  of  water  at  61"  (Graham,  j^nn. 
I'harm.  20,  30);  at  92",  it  fuses  completely  in  its  own  water  of  crystal- 
liation;  and  then,  according  to  Marx  (J.pr.  Vlmn.  22,  143),  remains 
llqaid  for  some  time  after  cooling,  and  linully  solidifies  in  a  crA'stalline 
mtas.  When  gradually  heated  to  a  tenifwrnlure  just  below  redness,  it 
kMM  water,  swells  up  verj'  much,  and  leaves  a  residue  of  anhydrous  alum 
(Burnt  alum,  Alumen  utliim),  which  forms  a  loose,  friable,  jiorous  moss. 
At  a  while  lieiit,  the  w-holo  of  the  sulphuric  acid  w\\k\\  vcas  \\sl  c^>^\■^3\^^'v•J 
lion  with  the  alumina,  in  given  oiT,  partly  undecomYoaeCl,  «i3  tct^vj^Twal 
•ct.  Jit.  ■*  ^ 
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Kill,  and  partly  re«olre«l  into  sulphurous  acid  and  oxygen  gases;  iMving 
a  Diixlare  of  aluraiua  and  sulpliiite  of  potash.  When  the  crvoloU  «• 
boated  in  a  retort,  an  aqueous  solution  of  sulphurous  acid  collects  in  tlio 
re«iver  {Spirit  of  alum),  by  ignition  with  cbarooal,  potash-ftlnm  is  cod- 
vwte<l  into  a  pyrophosphorus. 

Crystallixotf  alum  hoatod  with  chloride  of  potassium  or  chloride 
sodium,  liboiutcB  hydrochloric  at-id.  When  a  coneentrate<i  solution  , 
Loilfd  with  chloride  of  potassium,  hydrochloric  acid  is  evolved,  and  a  vet 
spariniirly  soliiblo  basic-alum  is  precipitated;  with  chloride  of  sodium, 
still  more  dillicultly  soluble  s."ilt  is  thrown  down;  and  with  sal-ammouiac, 
an  uluni  which  is  almost  wholly  insoluble  in  water.  A  solution  of  iilum, 
common  eall,  mul  nitre  dissolves  jrold.  (Richter,  <'>'<ofAioni<'/ri«,  2,  26S>  and 
270.)  Burnt  alum  exposed  to  the  air  in  summer,  absorbs  18  atoms  of 
water  in  47  d.iys,  and  the  ab.sorption  does  not  cease  even  then.  (BlUelior.) 

CryslalllEeii  alum  fused  at  100'  and  kept  at  this  temperature  for  i 
long  time,  loses  water,  amounting  in  the  whole  to  18'9.i  iiercont. — » 
becomes  more  and  moro  viscid,  till  at  lust  it  solidifies  to  a  clear,  yitreo 
mass  containing  only  14  atoms  of  water. — At  a  temi)eraturc  of  IS 
(248"  F.)  this  m.i^s  ewolls  up  and  loses  water;  and  if  kept  at  that  temp 
raturc  fur   12  hours,  till  it  sustains  no  further  loss  of  weight,   it  ;;iv 
ort*  water  amounting  to  36'0;14  partA  (in  100  parts  of  crystalliitod  alul 
— and  is  converted  into  a  porous  mass,  which  contains  5  atoms  of  waM 
and  undergoes  no  further  change  at  any  temperature  below  100"  (32^  PJ 
At  180    (3.'>6^  F.)  the  total  losu  of  water  amounts  to  43')05  {ler  ccDf 
consequently,  the  residue  coutains  only  one  atom,  or  3'452  per  cent.; 
at  280"  (53(1"  F.)  it  reaches  44'430  per  cent.,  so  that  the  residue  refniB 
but  4  At.  or  V83C  per  cent.  (Hertwig,  Poffg.  55,  00.)     T  Aeconling  to 
Gcrhardt  {J.  Pknrm.  12,  57),  crystalliited  alum  loses  20  atoms  of  wnti 
at  120°;  the  residue  is  readily  soluble  in  water.     At  200°  the  whole  I 
the  water  is  expelled,  and  the  remaining  compound  is  insoluble  in   wat 
A  similnr  result  is  obtained  on  treating  the  crystals  with  concentr 
aalphuric  acid  and  applying  heat,  the  crj-stal.-)  after  a  short  time  cru 
bling  to  an  insrjluble  powder.     This  powder  changes  under  water,  in 
course  of  8  or  10  days,  into  small  octohedrons.  H 

Large  crystals  of  alum  kept  under  cold  oil  of  vitriol  for  a  fortnig  _ 
break  up  into  a  white  p;uity  mass,  which,  when  espowd  to  the  air,  absorb* 
water  and  forms  octohedral  crystals.  On  the  addition  of  a  small  quan- 
tity of  water,  the  mass  becomes  heated  and  .solidifies;  and  if  it  be  ihen 
dissolved  in  boiling  water,  it  yields,  on  cooling,  regular  octohedrons  which 
contain  only  31'741  per  cent.  (14  atoms)  of  water,  corresponding  there- 
fore in  amount  of  water  to  the  mass  obtained  by  heating  alum  to  lOO-". 
(Hertwig.)  The  crystals  obtained  in  this  manner  consist  of  ordinary 
alum,  with  4G'3  jicr  cent.  (24  atoms)  of  water.  (W.  Heintx,  Pogr/.  5'>. 
831.) — Powdered  alum  rubbed  up  with  oil  of  vitriol  becomes  healiBd  and 
forms  a  paste  which  solidifies  on  cooling.  Melted  at  70°  or  80"  and  then 
cooled,  the  mass  suddenly  becomes  solid  at  40'',  the  thermometer  rising  to 
60°.  The  fused  mass  heated  to  130',  boils  up  and  gives  off  vapour  of 
water;  at  140°  it  thickens  and  deposits  a  crygtaliinc  powder,  the  quan- 
tity of  which  is  increased  by  addition  of  oil  of' vitriol.  This  powder,  afujr 
being  woihod  upon  a  filter  and  then  dried,  contains  04  jjcr  cent.  (.Tatonu) 
of  water,  which  escapes  even  at  a  temperature  of  100°.  It  di>- 
slowly  in  cold  water,  and  in  about  20  minutes  in  boiling  water. 
[It  bos  not  yet  been  determined  whether  the  pot.ish,  alumina,  uuJ  oulphu- 
rjc  acid  ia  this  ealt  are  iu  tUe  same  pTo\)OT\\ou&  qa  \u  alunuj 
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Oae  part  of  onrstAUizod  potosli-alnm  disMilves  at  135'  (:'i4-.*>°  F.)  10 
13-3  fuim  of  w:it«r';  at  21°  {dOH"  F.),  in  8-2  [its.;  »t  23°  (77"'  F.).  in  4a 
Pts.:  at  37-5  (!lO-j'  F.),  iu  2-2  pts.;  at  50  ()-J2^  F.),  in  2  pts.;  at  02-5^ 
{H4-5'  F.),  in  (1-4  pi-.;  at  7J°  (167'  F.).  in  01  pt.;  and  at  87-5'' 
(189'5°  F.),  in  0-0(!  pi.  of  wattT.  (Brandes.)  Specific  ifravitv  of  a  satn- 
nted  Bolotion  .It  H°  (4(>-4'  F.)  =  1-015,  (Anllioii.)  [For  tables  of  tlio 
amouot  p<?r  cent,  contiiinetl  in  a  solution,  mm?  Kiclitor,  Ht'dclnamflrie, 
3,  183.]  fiiirnt  alum  lakus  a  I<in^  time  to  dls^^olvc  in  water.  Aliuu 
tbrown  iuto  water  immediately  after  it  lins  boen  burned  and  become  cool, 
remains  uiniost  entirely  undLsiolved  after  many  nioiiilis;  but  if  it  baa 
been  previously  expoi>c<l  to  the  a,ir  for  a  fortnisrl'it,  it  re^fains  its  peculiar 
taste  and  dissolvcR  with  ease.  (Oeifrer, /V'k/. /"/lann.  8,  ID!).)  In  an 
a(|ueou.s  r^olution  of  tcriulpliate  of  aluniinu,  alum  is  nenrly  in.solublo. 

CMc  Alum. — 12  parte  of  alum  dis8olvc<l  in  boiling  water  with  ono 
I»arf  of  slaked  lime,  yield  cubical  crystals  on  ciioliu;?.  (.Sicffert,  Taic/ienb. 
i  7^".  G.)  A  slight  addition  of  potich  to  a  solution  of  alum  likewise  causes 
tbo  formalion  of  cubic  alum.  According  to  Bcrxolius,  a  tolcnibly  large 
quantity  of  potu»b  may  be  added  to  a  solution  of  alum  before  a  {X'rma- 
Dcnt  precipitate  ini  formed. 

liiiiic  PotasL-aluni. — a.  Containing  BUulphate  of  Alumina. — Prepared 
IB  the  ntme  manner  a.s  ba.sic  ammonia-alum,  a  (III.,  31.0),  (ilau8.) 

b.  Qon\M\\\\\g Monomil phate  of Alnmina. — Found  native  m^AlutOrHonr, 
(Cordier,  Mm:  33,  2S2.)— 1.  Hydrate  of  alumina  boiled  with  a  solution 
of  alum  withdraws  the  water  from  the  nlum,  and  forms  an  insoluble  pow- 
der.— 2.  Dy  pre<-ipitaliag  a  boiling  solution  of  alum  with  a  uuantity  of 
potash  in»uffirieut  fur  complete  saturation.  (Riflault,  Aun.  Ciiim.  Pht/t. 
16,  355;  also  Srhiv.  32,  4."jO.) — Alum-stoue  cryntallizoH  iu  acute  rhombo- 
hrdrons  {Fig.  ^^,\  and  153).  r*  :  r»  =  87°  8';  r'  ;  j"  or  c*  =  U2-  52"; 
rlravnjju  panllel  to  ;>;  epccific  gravity  =  2'fl94.  Translucent;  infu«iblo 
in  the  blowpipe-flame.  Insoluble  in  water;  but,  .iflor  gentle  ignition,  givM 
■p  alnm  to  it,  the  cxcei^s  of  alumina  remaining  umlis^olved.  The  arti- 
ficial iyini])oun<l  is  a  white,  tasteless  powder,  which  is  ini^olublo  iu  water, 
and  after  irolution  in  acid'^,  again  yieldsi  crystals  of  alum. 


Calculation. 

KO    47-2       .       1002 

S.APO*    tlC-2     ...      35-15 

4SO'  leO'O      ..       3«'00 

»HO  81-0      ..       18-2.1 


RiSauII. 

Arl\f.  2. 
I0-S2 
5517 
3«  IU 
17-M 


Conliirr. 
Ctytl.  Atumtlimt, 

...  .       U)-02 

.._     ."sa-es   

35-50    

14-83 


Dcinitilj. 
Alumtlune, 
1.1-8 
40-0 
35-6 
10-6 


444-4 


100-00     100-00 


10000     100-0 


KO.  S0'-(-3.\P0\3S0'-J-9Aij.;  tlie  analysis  of  Cordier  however  corre- 
■ponds  more  nearly  to  the  formula:  K0.S0»  +  4AI'<V,  3SO'-»-8Aq.,  and 
that  of  Collct-Descotila  to  tito  formula:  K0.SU'+SAI'0',2t>0'-f  4Aq. 

Mixtnrf  of  Potaiih-ahim  and  Amnioriln-ftlum. — Obt.-lincd  by  mixin<» 
•nlntinnt  which  roiitaiu  8ul|)halp  of  alumina  with  «ubftanres  in  which  liotii 
H!  "id  potash  are  present  at  tlio  mum-  time. — Corresponds  exactly 

ill  nice  with  pof^wh  and  ammonia-alum;  liohaves  in  it.<  chemical 

rolaUutta  AH  a  more  mcchaaicul  mixture  of  the  two  mlU. 


'    Cni.ouiriE  OF  Al.^Mr^•t•.^f  a.xd  PoTA^'sn-M. — 1.  In  tiiu 
<■){  rhlfirido  of  aluminum  by  potiii.viuin,  tliere  is  formed, 
V  iiin,  a  fused  mi\tnro  of  the  two  moln.U\c  cViV.\ 

It  />jvj:ianition  'if  clilorido  oi  ti.\u\iuuu\n  lto\'.. 

X  '1 
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alomina  mixed  with  charcoal,  if  the  alumina  contains  potash,  Ihe  first 
volatile  product  is  pure  chloriJe  of  aluminum;  hut  after  a  time,  colourloa* 
drops  are  deposited  in  tlie  tube  close  to  the  carbonaceous  mixture;  aud 
these  eolidifv  to  a  colourless,  translucent  mass,  of  crystalline  texture 
This  substance  slowly  deliquesces  in  the  air,  forming  a  colourless  liquid 
dissolves  readily,  and  with  evolution  of  heat,  in  water;  and,  on  evajm 
rating  the  solutum  to  dryness  and  igniting,  yields  6448  per  cent,  of 
mixture  containing  26'67  per  cent,  of  alumina  and  37"81  per  cent, 
chloride  of  potassium.  (Degen,  Ann.  Phann.  18,  332.) 


Ka.._. 

A1K9  . 


CalculatioD. 

74-6    35-83 

133-6     6417 


Ka.  APCH.. 


208-2     100-00 


E.  FLroRiDE  OP  Aluminum  AKD  Pot AssinM. — a.  3KF,  Al'F*. — Ini 
an  aqueous  solution  of  fluoride  of  potassium  a  solution  of  fluoride  of  al 
niinum  is  j^riuluiilly  dropped,  till  the  former  salt  remains  only  in  sligl 
cxcoas. — A  permanent  precipitato  is  produced  in  a  solution  of  alum,  onl] 
when  excess  of  fluoride  of  potassium  is  added.  (Berrelius.) 

h.  2KF,  Al'F'. — 1.  An  aqueous  solution  of  fluoride  of  aluminum 
precipitated  by  stirring  it  up  with  a  quantity  of  fluoride  of  potr.ssin 
snuillcr  than  is  necessary  for  jierfect  saturation. — 2.  Hydrate  of  alumi 
is  digested  in  an  aqueous  solution  of  bihydrofluate  of  potash.     The  firs) 
portions  of  the  hydrate  dij^-solve;  by  adding  more,  however,  the  compound 
b  is  separated,  while  monofluoride  of  potassium  remains  dissolved. 


4 

iqnwt " 


3(KO,2HF)  +  A1'0»  =  2KF,  Al'P  +  KO.  UF  +  5H0. 

If,  however,  the  gelatinous  precipitate  is  boiled  with  the  supernatant  liqn 
it  combines  with  another  equivalent  of  fluoride  of  potassium,  aud  is  con- 
verted into  a. 

2KF,  Al-P  +  KO.  HF  =  3KF.  Al'P  +  HO. 

— The  gelatinous  precipitate  resembles  a,  and  is  likewise  decomposed 
ignition. — Rj-  boiling  an    aqueous  solution   of  bi-hydrofluate  of  imt-nsli 
with   excess  of  hydrute  of  alumina,  the  compound  b  is  first  formed  liod 
then   the  compound  a;  if  the  solution  be  then  boiled,  potash  is  set 
and  a  basic  dovbU  gait  produced. 

The  precipitato  a,  as  well  as  b,  is  gelatinous,  and  dries  up  to  a  white 
powder,  which  is  decomposed  at  a  red  heat  (by  the  action  of  adhering 
water).     When  boiled  with  a  mixture  of  equ.il  parts  of  oil  of  vitriol  ail 
water,  it  evolves  the  whole  of  the  hydrofluoric  acid;  and  if  ammonia 
then  adilcd,  ii  precipitate  of  alumina  is  obtained  free  from  hydroflooii 
acid  and  potash.  (Berzelius,  Po'jif.  1,  43;  4,  130;  Lehrb.  4,  324.) — VetJ 
sparingly  dissolved  by  acids,  aud  still  less  by  water.    (G.-iy-Lnssac 
Th^nard.) 


I  liod      I 


a. 

I 

)• 

Benelioii 

3K 

117-6     .. 

..     45-72 

2K 

78-4     .. 

..    .19-34    . 

...    40-46 

2A1 

2/-4     .. 

..     10-65 

2A1 

27-4     .. 

..     13-75     . 

....     14-32 

6F  

112-2     ., 

..     43-63 

5F 

93-5    .. 

.    46-91     . 

a.  

257-2    . 

...  100-00 

b 

199-3    . 

...  10000 
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AlUHINVM   AMD  SoDinM. 

A.  Alumlvate  of  Soda, — n.  Avhydrovs. — 51 -4  parts  (one  At.)  of 
alumina  iuse<l  with  excess  of  carbonate  of  soda,  rapidly  expel  22 'C  parts 
(rather  more  than  one  atom)  of  carbonic  acid. — The  fused  aluminate  of 
si.da  is  a  white  enamel,  having  a  conchoidal  fracture,  and  very  fusible.  It 
dissolves  easily  and  completely  in  cold  water,  and  when  ex]M)scd  to  the 
air  becomes  covered  with  an  efflorc8c«nco  of  carbouate  of  soda.  (Count 
Schaffgot.'-ch,  Pogg,  43,  117.) — Before  the  blowpipe,  alumina  swells  up 
with  carbonate  of  soda  and  combines  with  a  portion  of  it,  but  does  not 
fuse,  the  excess  of  carbonuto  of  soda  sinking  into  the  charcoal.  (Berzelias.) 

Cslculatioii.  Scbitffgotaeh. 

N«0 31-2     .„.      3/-77        38-35 

A1»0'    51-4     ....      62-23        61-05 

N»0,  A1'0»  ....    82-6    ....     100-00        ~..        100-00 

h.  In  tohition. — Prepared  by  dissolving  a  in  water,  or  hydrate  of 
alumina  in  a  solution  of  caustic  soda. — Precipitated  by  acids,  even  by  the 
carbonic  acid  in  tbo  air,  and  by  ammoaiocal  salts. 

B.  One  part  of  alumina  yields,  by  ignition  with  2  parts  of  borax,  a 
light  grey,  perfectly  trausjiarent  j^lass.  (Morveau.) — Before  the  blowpipe, 
alumina  slowly  dissolves  in  borax,  forming  a  clear  glass,  which  remains 
clear  after  cooling;  but  if  the  alumina  is  in  excess,  the  bead  is  turbid 
even  while  hot,  and  becomes  crystalline  at  the  surface  on  cooling.  (Ber- 
zclius.) 

T — C.  PvKOPHOspnATE  oi'  Alumdia  AMD  SoDA. — Colourless,  very 
soluble  ealt.  A  solution  of  this  compound  may  bo  evaporated  to  a  certain 
estout,  without  suflering  dcconipoeltioii;  but  if  the  concentratiuD  bo  car- 
ric<l  furllier,  pyrophosphate  of  alumina  is  deposited,  and  a  second 
double  salt  with  excess  of  base  produced.  (J,  Persoz,  Ann.  ritann.  65, 
103,1848.)  ir 

D.  Alumina  healed  in  the  blowpipe-flamo  with  microcosmic  salt  in 
any  proportion.^  whatever,  form.i  a  pomianeutly  transparent  glass;  an 
cxrc«.4  of  alumina  remains  undissolved  and  becomes  translucent.  (Ber- 
zcliu.?.) 

E.  SniPHATE  OP  Alumina  and  Soda. — Soda-alum. — A  natural  pro- 
«lnct.  (SheparJ,  iSHlim.  A  mer.  J.  1 C,  203;  Th.  Thomson.)  Crystalliies  from 
the  mother-liquor  of  alum,  when  soap-boiler's  ley  (which  contains  common 
Kilt;  has  been  used  in  its  prcpanition.  (Zellner.) — Prcp.ired  by  sponla- 
neou.s  evaporation  of  a  mixed  solution  of  sul]ihato  of  soila  and  tersulphato 
of  alumina.  (Zellner.) — Octohedrous,  j>erfectly  resembling  potash-alum 
in  appearance  (Zellner,  Sc/iw.  18,  344),  but  having  their  fac«3  hollowed 
out  lioro  ami  (hero  with  hexagonal,  step-like  indentations  (Wellncr,  G'iU>, 
70,  185);  specific  gravity  1-G;  very  friable.  (Vtc,  HcJiw.  36,  183.) 


Ciyitallixcd.  Wellnpr.  Ure. 

31-2    ....      6-80  ....  C-29    ....  6-48 

61-4     ....     11-21  ....  10-19     ....  I0-/5 

160-0     ....     34-89  ....  35-10     ....  .14-00 

St6-0     ....     4;i0  ....  48-22     ....  49-00 


Zellaer. 
6-67 1 

n-oo} 

3«.Tj| 
4»(ll 
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The  crystals  effloresce  only  in  dry  air  (Graham);  at  teiuppntnr" 
hrtween  40"  and  50"  ihcy  become  ofiaquo  and  ]>art  with  their  w 
crystallization,  without  however  losing-  tlieir  foim   (Zellner);  th< ; 
the  wliolo  of  their  water  at  ti  red  hciit;  the  residue  is  still  jx-: 
solablc  in  water.  (Ure. ")     Thov  dissolve  iu  2' 14  parts  of  wattr  - 
(55'4''  F.),  and  in  one  pnrt  of  boiling  water;  the  latter  solutioa  sol: 
on  cooling,  to  an  irrejjular  mtt«<,  not  distinctly  crystalline.   (Zfl. 
1 10  piirta  of  soda-alum  dissolve  in  100  parts  of  water  at  15-5"  (53n   1'  1. 
formini?  »  solution  of  ^iieolfio  gravity  1  '2UG.  (Urc.) — Insoluble  in  abM>iui« 
alcohol.  (Zclluor.) 

R.  Cblortdb  of  AhvumvM  amd  Sodium. — Common  salt  heated  witL 
chloridu  uf  uluniiniim  corahinp.s  with  it  in  considerable  quantities,  fonninj; 
a  yellow  conipound  which  does  not  give  off  chloride  of  aluminum  wlieu 
strongly  ignited;  ami  dissolves  in  water  with  evolution  of  heat,  fonrii'' .-  ' 
solution  which,  on  evaporation,  yields  crystals  of  pure  chloridu  of  goil.u.n. 
(Wohler.) 

F,  Fi.roniDE  op  Aiumixpm  and  Sodium. — Found  native  in  tk 
form  of  Kn/ulttr. — Prepareil  artificially  by  adding  hv'lnito  of  aluminx  in 
small  jinrtions  at  a  time,  to  an  aqueous  solution  of  hi-hydrofluate  of  ^  !• 
till  the  ncid  reaction  of  the  liquid — now  consisting  of  aluiost  pure  W;iio'— 
disappears.  The  eanio  compound  is  formed  by  acting  on  mono-liv'.i.i- 
flimte  of  soda  with  alumina;  only  in  this  cascj  half  the  soda  is  c't  at 
liberty,  and  remains  dissolved  in  the  liquid. 

Kryolite  belongs  to  the  square  pris-matic  system;  has  a  specific  gravity 
of  2'06;  is  soflor  than  fluorspar;  colourless  and  transparent;  fuses  Moir 
B  rod  heat,  and  furuis  an  opaque  glass  on  cooling.  The  artificially  pre- 
pared palt  is  gelatinous  while  moist,  and  dries  up  to  a  white  pow<ier. 
(Berielius,  roff^/.  1,  41.) — Exposcil  to  the  air  for  a  long  time  in  a  fused 
Ktate,  it  gives  off  hydrofluoric  acid  and  b<>comes  infnsible.  (Smithson  ) 
Evolves  hydrofluoric  acid  when  Leatod  with  oil  of  vitriol.  Very  slightly 
soluble  in  water.  (Berzeliu.s.) 

Kryolite.  Berzetias. 

SNa CO-6    ....     33-27  3293 

2A1 27-4    ....     1310  1300 

6F  112-2    ....    53-63  5407 


3NtF,APP« 


209-2 


10000    100-00 


AttTMIKtIll  jlND  LiTnrcM. 

A.  Phosphate  op  ALVMiifA  and  Litbia. — Formed  when  a  saturated 
solution  of  phosphate  of  nhimina  in  caustic  potash  is  ]>rocipitated  by  a  atll 
of  lithio.  (Berzelius.)  H  A  bulky  precipitate  is  then  produced,  composed 
of  2(3LiO,  rO')  +  Al=0\PO'-(-30HO;  or:  2(3LiO,  P0')  + Al'O',  P0»  + 
)5HO  +  .''Al-0».3HO.  (Hammclsberg,/'o(75f.  64,251  a»AM5;  .inii.P/iarn 
.56,  210.)  t  This  c(imj>ound  is  found  in  combination  with  double  fluoriil 
of  aluminum  and  lithium,  in  Amblyyon'Ue.  (Berzelius.) 

B.  SnLi'nATE  OF  Alumina  and  Litria. — Litkin-nJum. — A  mix* 
solution  of  «.ulphate  of  lithia  and  tersulphato  of  alumina  yields,  when  ova 
porated  in  the  air,  at  temperatures  below  11'  (ol-S^  F.),  octohcdron«  and 
rhombic-dodccaliedrons,  which  are  soluble  in  24  parts  of  cold,  and 
0-87  parts  of  hot  water.  (Kralo^nnszky,  Sdm.  54,  349.) 
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Crystallized.  Kraloviuuxkjr. 

LO,SO» —      64-4     ...     12-31  13-56 

AlH)3.3.SO» „ „     171-4     ...     88-80  35-83 

24HO 216-0     ....     48-89  „.       50-61 

441-8      ...  10000     10000 

According  to  Ranimelsberg,  sulphate  of  lithia  does  uot  form  a  doable 
salt  with  BDlphate  of  alumiua.  {Pkarvi,  Ctutr.  1649,  106.) 

C.  Flpobide  op  Aluuindu  a.!«d  Lithium. — Insolable  in  water. 
(Bersolius.) 

Alumhi-cm  and  Babium. 

Ali'mlvatf  of  Baryta. — a.  AiihyJrotu. — Alumina  ijrnitcd  with 
baryta  yields  »  greenish  or  blue  mass,  having  but  little  coherence.  (Vau- 
qoclin.) 

6.  HydraUd. — By  boiling  baryta-water  with  hydrate  of  alumina,  a 
soluble  oonifiound  of  Iwvryta  and  nliiniina  is  obtained,  in  which  the  barvttt 
oduininiites,  and  au  insoluble  cumpuund  in  which  the  ulumina  is'  in 
•xccM.  ( Vuuijuclin.) — An  aqueous  solution  of  aluminate  of  potu«h  (KO, 
AI'O')  gives  (vith  chloride  of  barium  a  gelatinous  precipitjito  =  BaO, 
Al'O'.  (Unverdorbeu.) 

ALmiNDSl   AND   SraONTTOM. 

Ai,r.MiNATE  OF  Strostia. — According  to  Vauqnelin,  alumina  yields 
with  slrontia,  both  in  the  wet  and  in  the  dry  way,  compounds  similar  to 
those  which  it  forms  with  barvta. 


Aluminum  and  Calcium. 

ALrMiN*TP.  OP  LiMF.. — a.  Alumina  maybe  fused  with  from  -J  to  ^ 
iU  wei(,'ht  of  lime;  with  a  larjjcr  proportion  of  lime,  no  fusion  takes  place. 
(Ernian,  Kirwan.) — 3CaO,  WOr'  is  a  vitreous  mass,  which  is  infusible 
before  the  blowpipe,  and,  after  some  months,  crumbk-.f  to  a  line  powder. — 
SCuO,  AFO^  is  sometimes  of  a  dense,  nnd  sometimes  of  a  porous  texture, 
of  epecific  gravity  2-7(5,  and  rather  fusible. — CiiO,  A 1-0'  is  a  compact 
ritrefied  mass,  having  a  waxy  fracture,  and  very  difficult  of  fusion. 
(Sefstrom.) 

h.  Hydrate  of  alumina  absorbs  the  wholn  of  the  lime  from  lime-water, 
forming  with  it  an  insoluble  compound.  (Schcele.) — The  same  effect  is 
prodncetl  by  a<l(lin?  lime-water  or  milk  of  lime  to  an  aqueous  solution  of 
"'  minate  of  potash,  pure  potash  remaining  in  the  liijuid.  From  thia 
,  iiie,  according  to  Kuhlmann,  lime  becomes  hardened  in  a  solution  of 
nminate  of  potash  or  soda, — Aluminate  of  potaxh  (KO,  AI'O*)  gives  m 
pTVcipitatu  with  chloride  of  calcium  =  CaO,  Al'D*.  (Unverdorbeu.) 


ALUMI.NUM   AND   MaONESICM. 


A.    Amiminate  op    Maonesia. — a.   Anhydrous. — S/ihirUe  occurs 
ia  ngnlar  octohcdrous  and  rhombic  doducnhedrous.  of  i-peciGc  grftvity  , 
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3'48 — 3  62  (Breitliaapt),  very  liard  and  iDfusiblo  before  the  hbwpij 
Mixed  with  six  times  iU  weight  of  rarbonate  of  baryta  ■  ' ' 
to  the  heat  of  a  ven*  powerful  wintl-fiinjarc,  it  yields  »  [•• 
mnss,  crystalliiio  on  tlio  surface  ami  completely  noiiible  in 
iicid.  Powdi-reii  spinelle  1>c<u)iiips  blue  by  ijniition  with  nit! 
AVhen  lientcil  in  oil  of  vitriol,  till  the  latter  boijins  to  eva 
une-tliinl  of  it  dissolves;  hydrorhloric  acid  dissolves  it  but  • 
ftnd  nitric  acid  leaves  it  altogether  antoDcbed.  (Abicb,  Pog<j.  IZ,  '<,\i.) 


Spinelle  from  Cejloo.  AI'A. 

20  0  2801         :;uJ: 

51-4  71-99         C9-01 

Protniide  of  Iron   0*71  Oxide  of  Chromiam  1*10  Silica  2-03  3  K) 


VgO 
A1»0> 


MgO.  APO».. 


714 


100-00 


»■» 


The  spinelle  from  Aero  is  entirely  free  from  silica.  (H.  Ro«e,  Ptff' 

51,  271).) 

Alumina  does  not  fuse  with  magnesia,  even  at  the  heat  of  a  smitit* 
forge. 

Alumina  containing  not  more  than  oue-half  per  cent,  of  ma^esis 
evolves  n  considerable  quantity  of  beat,  on  being  moistened  with  water 
after  ignition ;  and  when  treated  Tvith  concentrated  hydrochloric  viJ. 
leaves  a  powder  which  resists  the  action  of  the  acid  for  a  ^'ery  long  tiint. 
This  powder  is  an  aluminato  of  magtiesia.  (Bcrielius.) 

b.  //;/dralf<i. — When  a  salt  of  niagncsia  is  mixed  witb  a  salt  of  alu- 
mina, in  hueli  projiortions  that  the  solution  contains  one  atom  of  each  of 
the  bases,  and  chloride  of  aluminum  is  added  in  suthcicnt  quantity  to 
prevent  the  precipitation  of  the  m:ii,Tiesia  (III.,  224,  22o),  the  aliiniiiM 
thrown  down  by  supersaturating  with  ammonia,  carries  with  it  nearly  .tU 
the  magnesia,  producing  an  artificial  [hydratcd]  spinelle.  (Abich,  J'ojy. 
23,  355.)  An  aqueous  solution  of  potash  dissolves  out  only  a  portion  of 
tho  alumina  from  this  precipitate,  the  rest  being  retained  by  the 
magnesia. 

The  precipitate  which  ammonia  produces  iu  a  mixed  solution  of  a  salt 
of  alumina  and  magnesia,  contains,  beside  aliiniiiui  and  magnesia,  a  con- 
siderable quantity  of  ammonia,  which  is  evolved  on  triturating  the  preci- 
pitate with  potash.  The  precipitate  jiroduced  I13'  potash  likewise  apjieani 
to  contain  ]>ota8h.  (Fuchs,  ScJiip.  2-4,  3.S4.) 

Magnesia,  added  to  an  aqueous  solution  of  aluminatc  of  potash,  with- 
draws a  portion  of  the  earth,  probably  mixed  with  potash. 

B.  PuospnATE  OF  Alc.mina  and  Magnesia. — Occurs  in  the  state  of 
hydrate,  fonning  tho  mineral  called  LaziiVue,  in  which  however  a  portion 
of  tho  magnesia  is  replaced  by  protoxide  of  iron.  Si)ecific  gravity,  3-0... 
3-1;  harder  than  apatite. — Transparent,  and  of  a  blue  colour.  Swells  ap 
before  the  blowpipe,  becomes  colourless,  and  falls  to  jjiecos  without  fusing; 
colours  the  flame  pale  bluish-grceu.  Aciils  do  not  attack  it  till  after 
ignition.  Compo.«ition:  2MgO,  PO"  +  2AP0',  PO'  -r  2Aq.  (Fuchs 
IT  According  to  Ranimelsberg  {Pofjy.  64,  251  and  405),  the  formula 
Laiulite  is  2(3RO,  PO')  -H  A(KV6\  3P0«)  +  CHO.  Lazulito  is  d.isi 
guished  from  blue  spar  by  its  containing  a  larger  quantity  of  protoxiclel 
iron.  IT 


C.  Sulphate  of  .\lomi.na  and  Magjif.8ia.— a.  Mat^naia-nlum.— 


ALUMIKATB  OF  GLUCINA.  329 

Found  natire,  fonning  a  kind  oljibrtnu  <Avm.  (Stromeyer,  Seku).  69,  255; 
Apjohn,  J.  pr.  Chem.  13,  255.) 

Calcnlation.  Stiomeyer. 

McO  20-0    ....      4-38  ....  3-690 

A1«0« 51-4    ....     11-26  ....         11-515 

4S0»  _ 160-0    ....    35-06  ....        36-770 

25HO 225-0    ....     49-30  ....        45739 

Protoxide  of  Maoguiese    ....  2-167 

456-4    ....  100-00        ~        99-881 

In  the  natire  magBesIa-alum,  part  of  the  magnesia  is  replaced  by  prot- 
oxide of  manganese.  According  to  Kane:  (MgO,  SO'HO)  +  (A1»0',3S0') 
4-  24Aq. ;  Kane  regards  MgO,  HO  as  isomorphoiu  with  NH',  HO  and 
with  KO. 

b.  With  a  larger  proportion  of  Sulphate  of  Magnetia. — Crystallizes 
when  a  solution  containing  sulphate  of  magnesia  and  sulphate  of  alumina 
with  a  large  excess  of  acid,  is  left  to  itself,  in  a  porcelain  basin  with  a 
roogh  surface.  Forms  a  warty  efflorescence  composed  of  fine  needles. 
(Klaner,  Ann.  Pharm.  14,  264.) 

3(MgO,  S0»)  +  Al'OS,  3S0>  +  36Aq. 

Crystallized.  Klaaer.  • 

3MgO 600    ....        8-88  9-175 

APC    51-4     ....         7-61  7-600 

6S0» 240-0     ....      35-54  36-940 

36HO  324-0    ....      4797  46-285 

675-4    ....    100-00        ZZ        100000 


Aluminum  and  Glucinuh. 

Alu.minatf.  of   Glccina.  —  Chrysoberyl.  —  Belongs  to  the  right 

prismatic  system  ;  specific  gravity  =  3-75  (Mohs) ;  harder  than  topaz; 
infusible  before  the  blowpipe;  insoluble  in  acids. 

Chrytoheryl.  Awdejew. 

GO 12-7    ....      19-81        18-06 

Al-W  51-4     ....      80-19        78-71 

Ferric  oxide    ....  3-47 

GO.Al-0' 64-1     ....     10000  ■      100-24 

Aluminum  likewise  combines  with  Iron. 


S30 


Chapteb  XIII. 

THORINUM. 


Beneline.    Pog^-  J  6,  385. 


IJittory.  Berzelias  (.5e/iic.  21,  2.5)  in  1815  found  in  Yttcrite 
Kararfvct,  and  in  the  fluoride  of  cerium  and  yttro-fluoride  of  ccriuni  from 
Finbo,  a  substance  which  he  regarded  as  a  new  and  peculiar  earth,  and 
named  Thoria  or  Thorina.  Subtiequentlr,  however  {Poijg.  4,  145),  he 
became  convinced  that  this  Eubatance  really  consisted  of  basic  phos]!!'!' 
"of  yttria.  In  1828,  Berzelius  discovered  another  earth,  which  he  j)! 
to  Imj  distinct  from  all  others.  This  ho  accurately  investigated;  and  a-  il 
exhibited  a  great  .similarity  to  the  earlier  discovered  substance,  he  coo- 
fvrred  on  it  the  same  name.  The  whole  of  the  following  accoant,  excel 
where  the  contrary  is  stated,  is  taken  from  Berzelius. 


Sources.  As  basic  earth  to  the  amount  of  58  per  cent,  in  Thorite, 
mineral  rcsenibliiig  Gadolinit<:,  from  the  island  of  Lbv-6n  in  Norway;  alao 
in  Alonazitc  (Kerston,  Fogg.  47,  385),  and  in  Pyrochlorito  (Wiihler,  I'ogg. 
48,  83). 

Preparation.  A  mixture  of  pota.ssinm  and  double  fluoride  of  thorf- 
num  and  potaBsium^-or,  better,  of  potassium  and  chloride  of  thorinum 
(or  double  chloride  of  tlioriiiuin  and  potai^sium) — is  lieateil  in  a  glajss 
tube.  The  act  of  decomposition  is  attended  with  feeble  explosion.  Tbo_ 
residue  consi.-*t.s  of  a  grey  mass,  which  evolves  hydrogen  gas  only  whe^ 
first  immersed  in  water,  and  after  tlio  fluoride  or  chloride  of  potassiu 
\\aB  been  washed  out,  leaves  pure  thorinum. 

Propertifs.     Dark  leaden  grey,  heavy  powder,  which,  when  pressed  ii 
au  agate  mortar,  assumes  an  iron-grey  colour  and  metallic  lustre. 


>t 
in- J 

1 


Compounds  of  TTiorinum. 
TiioniNDM  AND  Oxygen. 

TUOHIKA.      ThO. 

ThoriiiercU,  Thorerde,  Oxide  of  Thonnum,  Tfutrine. 

Formation.  Thorinum  heated  in  tlie  air  to  a  temperature  short  Of 
redness,  burns  with  great  splendour,  and  forms  snow-wbile,  infusible  tho- 
rina.    Grains  of  thorinum  thrown  into  the  flame  of  a  spirit-lamp  burn 


TIIORINA. 
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with  a  white  light,  and  appear  at  the  moment  of  combustion  to  increase 
considorably  in  volnme.  Thorinum  dissolves  but  very  slightly  in  nitric 
wcid  evfn  at  a  builinu;  beat;  after  long  digestion,  however,  complete  solu- 
tion takes  place;  it  ia  not  oxidized  by  boiling  water.  It  dissolves  slowly 
in  cold  and  rapidly  in  hot  hydrochloric  acid,  witii  evolution  of  hydrogen 
gas.  Wlien  it  id  immersed  in  dilute  sulphuric  acid,  violent  cflerve-scenco 
tnlces  pbicn  at  first,  from  disengugeineut  of  hydrogen  gas;  but  this  soon 
ceo'-es,  and  solution  then  goes  on  very  slowly  till  tlie  whole  has  disap- 
p«a^red.  Ilcnco  the  thorina  sometimes  mixed  with  the  metal  nmy  he 
aeparated  by  means  of  dilute  sulphuric  acid.  Aqueous  hydrofluoric  acid 
IxNiavcs  in  a  similar  manner;  alkaline  solutions  do  not  aiToct  thorinum. 

Frepftration.  Thorite  reduced  to  powder  but  not  ignited  (containing 
tborina,  potash,  soda,  lime,  magnesia,  alumina,  silica,  protoxide  of  maii- 
ffnnese,  the  sesquioxides  of  iron  and  uranium,  binoxide  of  tin,  oxide  of 
lead,  and  water)  is  warmed  with  hydrochloric  acid.  Chlorine  gas  is  then 
evolved  nn<l  the  powder  is  converted  into  a  jelly.  The  whole  is  then 
CTaponite<l  to  dryness;  Iho  residue  dissolved  in  water  acidulated  with 
bydriH-hloric  acid;  the  tin  and  lead  separated  from  the  filtered  8olution 
liy  a  cur^?nt  of  sidphurettcd  hydrogen;  and  the  thoriii.i,  together  with 
alumina  and  the  8esquioxi<los  oi'  uranium,  iron,  and  inangance,  precipi- 
tated from  the  GltRite  by  ammonia.  The  precipitate,  after  being  well 
waahcd,  is  di.s.solved  in  dilute  suljdiuric  acid,  and  the  .solution  cvapomted 
a  gentle  heat;  the  sulphate  of  thorina  is  then  deposited  in  the  form  of 
bulky  salt,  dilKcultly  soluble  in  the  hot  liquid.    The  supernatant  liquid, 

r  lieing  reduced  to  a  small  bulk,  is  poured  off — the  residual  salt 
Washed  with  boiling  water  (cold  would  dissolve  it) — pressed  out — and 
strongly  iifiiited:  the  residue  is  pure  thorina. — The  solution  poured  off 
from  the  tiulplmte  of  thorina  still  contains  a  portion  of  thorina;  it  is  there- 
fore cauceiitruted  by  evaporation;  neutralized  with  carbonate  of  potash; 
and  mixed  with  a  boiling  .'Saturated  solution  of  sulphate  of  potaah.  The 
precipitate  of  siilphato  of  thorina  ami  potash,  with  excess  of  sulphate 
of  potash,  which  forms  on  cooling — is  washed  with  water  saturated  with 
the  latter  salt — then  dissolved  in  wann  water — and  the  bydnito  of  tho- 
rina precipitated  by  ammonia.  This,  when  ignited,  yields  an  cnrlh  which 
id  coloured  yellow  from  the  presence  of  manganese:  it  is  purified  by  solu- 
tion in  sulphuric  acid,  &c,,  as  already  described.  Precipitation  by  oxalic 
acid  does  not  effect  so  complete  a  separation. 


^»ta 
^Ble: 


I'ropertifa.      Snow-white;   sjtecific   gravity   0'402;   after  ignition,  it 
liocumcs  bard  and  difficult  to  powder  linoly;  infusible  before  the  blowpipe. 


Th 

O 

TTiOT 

(ThO  =. 


Calculation. 

59-6     88-17 

80     n-8.1 


_       67-6    100-00 

744-9  *  100  »  844-9.     BrrtrUn*.) 


Thorina  is  not  reduced  to  the  metallic  state,  either  by  charcoal  or  by 
potAMiuni. 

ComLinntiont. — a.  With  water. — Hyobatr  of  TnoRfyA. — Sulphnt* 

"    '  '  being  well  pnrilieil  by  washing  with  bo! 

.      iter,  precipitalc<l  by  potn>>h,  and  the  prci  > 


3g,  asJ 
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waaiied.  Tbe  hrdnle  fonns  »  geUtinons  preclpit&te  membliflg  hydntc 
I  «f  ftlnaiuia,  but'  nstdily  «Dk«  into  »  email  bulk  on  tbe  filter;  it  otka 
togetber  whint  intd  in  tbe  air,  forming  bard,  glassy  Iomp<;  in  rarao  orer 
oil  of  vitriol,  it  dries  op  to  a  wbito  powder.  Tbe  water  is  expelled  bj 
g«atie  i^ition. 

b.  Witb  acids,  forming  tbe  Salts  op  TnoRrXA. — ^Tbo  e&rtb,  after 
[  jgnition,  is  perf«<rtly  ins<jlublo  in  byiirocbloric  and  nitric  acid;,  bat  dit- 
'  Mires  in  bot  snlpLuric  acid;  tLe  hydrate  while  laoiAt  is  rpadilj  dissolrsd 
bj  acids,  but  with  difficulty  when  dry.  The  salts  u(  tborina  are  ooloar> 
less,  and  bave  a  pure  and  gtmngly  astringent  tasto,  witboat  swectsoi 
or  bittemecs.  When  heated  to  redness,  they  part  with  tbetr  acid  «■ 
i^itiott  (if  it  is  volatile)  more  easily  than  the  salt<  of  zirconta.  Tbe 
aqneoos  eolations  of  many  thorina-salts  arc  decomposed  by  boiling,  asd 
deposit  a  white  solid  crust  on  the  sides  of  the  glass  vesseL  Pol 
ammonia  addc<l  to  tbe  solution  precipitates  hydrate  of  tborina  w' 
not  rc-dis»olved  by  an  exotss  of  the  reagent;  hyilrosalpbate  of 
nia  also  throws  down  hydrate  of  tborina.  Carbonate  of  ammoni 
potash  prtvipitates  carbonate  of  tborina,  soluble  in  excess  of  tbe  i 
line  cirbonate  at  ordinary  t(.'mpcratures. — Phosphate  of  soda  precipitAtM 
phosphate  of  thoriua  in  white  flakes. — Crystals  of  sulphate  of  potash 
introduced  into  the  solution  of  any  salt  of  tborina,  slowly  render  it  tmbui, 
and  give  rise  to  the  formation  of  double  sulphate  of  tborina  and  potuls 
'  wbicli  is  soluble  in  pure  water. — Tungstic  acid,  alkaline  molybdatosw^ 
arM!Dbtes,  and  ferrocyanide  of  potassium,  produce  a  white  preci| 
Alkaline  oxalates  and  oxalic  acid  also  give  a  white  precipitate,  even 
tbe  tborina-salt  contains  a  large  exceiss  of  free  acid. 


Thorlxcm  akd  Carbon. 

Carbonate  op  Tborina. — Tbe  hydrate  absorbs  carbonic  acid 
tbe  air  while  being  washed  and  dried.     When  tbe  aqneous  solution  of 
salt  of  tborina  is  treated  with  alkaline  carbonates,  carbonic  acid  gas 
expelled,  and  a  basic  salt  precipitated  which  is  insoluble  in  aqueous  rar4 
bonic  acid. 

TnORINtTM   AND   BoRON. 

Borate  op  Thorina. — Formed  by  double  decomposition. — WbJM 
floculeut  precipitate,  insoluble  both  in  water  and  in  solution  of  bor 
acid. 

Thorisum  and  Phosphorcs. 

A.  Phosphide  op  THORiNtTC. — Heated  thorinnm  absorbs  vapour  l 
I  nbosphorus,  tbe  combination  being  attended  with  evolution  of  light  ana 
lacat.     The  compound,  whidi  has  a  dark-grey  colour  and  metallic  litstn^ 

and  resembles  graphite  in  apfiearance,  bums  when  heated,  and  forms 
phosphate  of  tborina:  it  is  not  acted  on  by  water. 

B.  Phosphate  op  Thorina. — ^VTliite,  floculent  precipitate,  fusing  witL, 
,  difficulty  in  the  blowpipe-flame;  insoluble  in  water  or  in  sointion  of  pbod 

'  Uoric  a«td. 
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TnOEINTIM   AND   StJLPHtin. 

A.  ScLPHiDE  OP  TiiORiNnM. — When  thorinnm  is  mixed  with  sulphur, 
and  the  mixture  heated  till  the  sulphur  begins  to  volatilize,  combiaatiun 
takes  place,  and  the  metal  burns  almost  as  brilltautly  as  in  the  air.  Yel- 
low powder,  which  acquires  by  pressure  a  certain  degree  of  lustre,  but 
iiot  the  metallic  lustre.  Heated  in  a  glass  tube  containing  air,  it  gives 
off  sulphur  without  much  combustion,  and  leaves  thorina.  It  does  not 
undergo  any  change  in  culd  a<jua-ri'gia,  but  dissolves  when  the  mixture  is 
heated,  giving  oif  nitrous  gas  and  forming  sulphate  of  thorina.  Sulphide 
of  thorinum  is  slightly  acted  on  by  nitric  acid;  when  dilute  sulphuric 
ftcid  is  poured  upou  it,  hydrosulphiiric  acid  gas  is  given  off  at  first;  but 
the  sulphide  does  not  dissolve  to  any  perceptible  extent,  even  when  heat 
is  applied. 

B.  ScLPnATE  OP  TnoniNA. — a.  Basic  Sulphaie. — An  aqueons  solu- 
tion of  6  is  mi.xed  with  a  quantity  of  ammonia  insufficient  for  complete 
precipitation.  The  transparent,  gelatinous  precipitate  is  p.artialiv'  con- 
verted l)y  washing  into  hydrate  of  thorina,  and  gives  up  sulphuric  acid 
to  the  water,  the  quantity  extnicted  being  greater  in  proportion  to  the 
lon^'th  of  time  during  which  the  operation  is  continued,  so  that,  after 
wa-liing  for  a  short  time,  the  residue  contains  23'4  parts,  and  after  long 
washing,  only  17'2  parts  of  acid  to  lOi)  parts  of  thorina. 

b.  Monosiilphale. — Ignited  thorina  reduced  to  fine  powder  is  digested 
for  several  hours  with  a  mixture  of  2  parts  of  oil  of  vitriol  and  1  part 
of  water,  till  the  latter  is  evaporated;  the  excess  of  sulphuric  acid  is  then 
expelled  by  a  gentle  heat.  The  residual  salt  has  an  earthy  af)pearance. — 
Mixed  with  an  excess  of  potassium  and  heated  in  a  crucible,  it  is  resolved 
into  thorina  and  sulphide  of  putassiuin,  the  action  being  attended  with 
violent  detouatian,  and  intense  ignition  of  the  crucible;  the  excess  of 
potassium  goes  off  in  vapour. 


I 


ThO 
SO" 


Anhydrous. 
67-6     ....     62-82 
40-0     ....     37-18 


Berxelius. 
6'2-77 
37-23 


ThO,  SO*    107'C 


100-00 


100-00 


The  salt  dissolves  readily  in  cold  water,  when  a  large  quantity  is 
added  at  once;  but  slowly,  when  a  small  quantity  only  is  poured  over  it, 
because  heat  is  then  evolved.  When  the  solution  is  evaporated  by  heat, 
the  bihydrated  salt  separates;  but  by  spontaneous  evaporation  at  ordinary 
tenipcrjiturcR,  crystals  of  the  pontahydrated  salt  are  deposited. 

a.  Blhydrale. — Konne<l  by  evaporating  a  solution  at  a  temperature 
above  20°  (08'  F.),  or  by  heating  a  cold  saturated  solution  to  the  boiling 
point. — Snow-white,  woolly  mass,  consisting  of  delicate,  flexible  needles, 
scarcely  soluble  in  hot  water,  but  dissolving  completely,  though  slowly,  in 
cold  water. 

^.  Penlahydralf. — Crystallizes  from  an  aqueous  solution  by  spontane- 
ous evaporation  (even  when  the  solution  contains  an  excess  of  sulphuric 
acid,  which  then  remains  nnirly  pure  in  the  mother-liquid),  in  transparent 
rbombohfdrons,  which  remain  unaltered  in  the  air  at  temperatures  under 
15°  (59°  F.);  but  when  kept  in  dry  nir,  at  higher  temperatures,  part  with 
3  atoms  of  water  aud  become  milk-white,  without  however  fulling  to 
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pieces.  In  entire  eryataU,  Uie  eall  dissolves  but  slowly  in  cold  vrater;  l.il 
wlirti  reduced  t'>  jKiwder,  it  dis8oIve8  in  cyld  water  with  grvater  rapidiiv 
and  in  tolerable  ubuudauco.  In  hot  water,  tie  crystals  hccouio  u)«qUF 
from  foniisUioii  of  a,  and  lc«vo  a  ekelelou  in  the  form  of  the  crvstai — 
From  a  cold  iiijiieouft  solution,  the  Kilt  a  is  almost  entirely  «rpiiritL-d  oo 
,  l'  ition  of  heat;  but  if  other  sulphates  arc  prcisent,  which  form  a 

Id  .1  with  it,  little  or  no  precipitation  takes  place.     A  {■olutiou  lui 

dvri."d  III  I  bid  by  lieal  becomes  clear  aguln  on  cooling.     From  a  cold 
sua  solution,  alcohul  throws  down  the  pculuhydnitc;  from  a  Lot  aoli 
the  bibydrated  salt. 

Crr(t*ma(d.  Cijwtaltiui. 

ThO  «..^.-^„._.    67  i        53-82  ThO  -~..     6I-« 

SO" ton        31 -SJ  SO"   , 400        2W1, 

2IIO 18-0        M-SS  5H0 45-0 


orni  a 
44-3»     1 


ThO,SO«+2Aq.         125-6       100-00 


ThO.SC-i-SAq.        152-6 


c.  Arid  Sulphate. — Wlien   100  pnrta  of  tho  »U  b  nre  beate<l  willi  oil 
of  vitriol  over  the  flame  nf  a  .»pirit-lamp  till  no  more  sulphuric  acid  fnseta 
oft"  in  vapour,  about  119-77  part*  of  an  acid  saJl  remain  (coneiattag 
lAU  of  ba«e  and  about  1  j-  At.  acid). 


TaoRi>-r.\i  uio  Bromide. 

UydrnUd  Bromide  of  Thorhium  or  I7i/Jrobromnte  of  Thorina. — A  «oln- 
tion  of  h\'dratc  of  thorina  in  excess  of  aqueous  hydrobrouiic  acid  leave*, 
when  evajjorated  at  ordinary  temperatures,  a  tonnciuos  guuj,  which,  frt<tBj 
decompoftition   of  the  exccs-s   of  acid  (and  fornuition  of  Lydrohrrtmiltf 
aoqaircB  a  deep  yellow  colour. 

Tnoat:«t;M  axd  CoLOBtKE. 

A.  Cblobide  op  TjionixuM. — A  mixture  of  thorina  and  suzar 
carbonized  in  a  covered  crucible,  and  the  carbonaceous  mass  ignited  in 
porcelain  tube  through  which  a  current  of  dry  chlorioo  jcpa  is  passedJ 
decomposition  proceeds  very  slowly-.     The  greater  part  of  ihe  chloride  i 
tborinum  is  deposited  in  the  form  of  a  white,  scraihiscd,  crystalline 
just  where  the  tube  ceases  to  ^iow;  on  pecoud  sublimation,  it  yields  bril 
limit  colourless  crystals.  Chloride  of  thorinum  is  decomposed  by  potaniti 
with  slight  detonation  and  combustion. 

J/i/di-aUd   Chloride    of   Thorinum  or    TfffdrocklotvU  (jf   TftoriMT,/- 
Chloride  of  thorinum  dissolves  in  water  with  great  evolution  of  heat; 
also  deliquesces  in  the  air. — Hydrate  of  thorina  di.-isolves  readily  in  hvdr 
chloric  acid;  the  solution  ev:i}i()rut<vl  to  a  siniill  bulk  solidities  on  coolinl 
and  forms  a  radiated  mass — especially  when  it  contains  an  excess  of  aciq 
which  renders  the  salt  less  soluble.     By  cva{>omlioii  at  a  gentle  heat, 
deliquescent  saline  mass  is  obtained,  which,  in  a  dry  atmosphere,  neit 
beeomes  crystalline  nor  drieh  up;  but  when  stronply  lie.aled,  givee  i 
its  hydrochloric  acid  and  leaves  pare  thorina.     The  aqueous  ttolatij 
not  decomposed  or  rendered  turliid  by  builing.     The  salt  likvwiaa  ■ 
Bolvee  in  strong  hydrochloric  acid  (ilifT^rl!!.'  in  il.is  r^.tiu-i-t  rn.m  ilm 
^responding  zirconium  compound),  altln- 

Both  dry  and  bydratod  chloride  of  llivn  n  v..,>,>j    - >. 

alcolioL 
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B.  OxTcnLORiDB  OP  TnoRiKi'M. — In  the  preparation  of  chloride  of 
tborinum,  a  white  cloud  paM(»  over  with  the  chlorine  gas,  and  con- 
doDses  in  the  receiver  in  the  fonii  of  a  white,  amdrplioiis  siibliniale.  Water 
r«iolTes  this  substance  into  soluble  chloride  of  tborinum  and  an  iiiso- 
lubU  residue  of  thorina,  which  does  not  become  visible  till  the  receiver 
is  dried. 

TnoniJiOM  and  FuronLNE. 

FLtJontDB  OP  Tdorindm. — When  hydrate  of  thorina  is  treated  with 
excess  of  hydrofluoric  acid,  fluoride  of  tborinum  is  deposited  in  the  form 
of  a  heavy,  white,  insoluble  powder. — The  excess  of  hydrofluoric  acid 
poore<l  off  from  the  salt  contains  scarcely  anything  in  solution.  Fluoride 
of  thoriuum  is  not  decomposed  by  ignition,  and  but  very  imperfectly  by 
potassium. 

THoRiNtm  AKD  Nitrogen. 

A.  Nitrate  op  Thorina. — The  solution  evaporated  in  a  confined 
space  over  oil  of  vitriol  dries  up  to  a  crystalline  mass;  when  evaporated 
in  the  air,  it  vieMs  a  thick  syrup.  The  s.alt  is  very  soluble  in  water  and 
in  alcohol;  the  aqueous  solution  is  not  rendered  cloudy  by  boiling. 

B.  Carbonate  op  Thorina  and  Ammonia. — The  h3rdrate,  carbo- 
nate, ami  basic  salts  of  thorina  dissolve  sparinjrly  in  a  dilute  solution  of 

bonato  of  ammonia;  in  a  concentrated  solution,  however,  thoy  di6solve 

ewhut   copiously.      The  solution   heated   to    60"   in   a   close   vessel 

onics  turbid,  from  .■reparation  of  thorina,  which,   however,   is  slowly 

re-dis8olvcd  on  cooling.     Caustic  ammonia  prodncfs  no  cloudiness  in  the 

ilulion,  but  on  the  contrary,  restores  its  transparency  when  turbid  fnim 

Ttiul  precipitation. 

Tborinum  and  PoTA8sitru. 

Thorina  cannot  be  made  to  unite  by  fnsion  with  caastic  potash  or 
soda,  or  their  carbonates.  If  the  mixture  bo  put  into  water  after  ignition, 
it  falls  to  pieces  and  forms  a  white  railk3'  liquid;  and  the  finely-divided 
thorina,  like  titanic  acid,  is  carried  through  the  filter  by  the  wash-water, 
unlc*s  hydrochloric  acid,  or  sal-ammoniac  is  previoutdy  added  to  it.  Tho- 
rina is  pot  rendered  soluble  in  hydruchlorio  or  nitric  acid  by  ignition  with 
alkalis. 

A.  Cahbonate  op  Thorina  and  Potash. — The  hydrate  and  carbo- 
nate of  thorina  aru  slightly  soluble  in  a  dilute  solution  of  carbonate  of 
potash,  and  soniowhal  copiously  in  a  concentrated  solution;  the  igniteii 
earth  is  insoluble  iu  that  liquid. 

H.  StaPDATE  OF  TnoniNA  and  Potash. — 1.  When  crystalliEed  sul- 
Tihafo  of  potash  is  imnicMed  in  a  solution  of  sulphate  of  thorina,  the 
liquid  cmdually  becomes  turbid,  and  deposits  the  double  salt  iu  the  form 
•-.!  .  crystalline  powder.     If  the  solution  is  neutral  and  oonccn- 

I'  sulphate  of  tlioriaa  is  nut  completely  prej^ipitnlod.  becnttso  the 

lib  becomes  enveliqiod  with  a  coating  of  tin  ^^IM 

lution  of  sulphate  of  thorina,  a  boiling  Katu:  ^!^| 
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of  Balpbate  of  potash  is  added,  as  long  as  it  forms  a  cloud,  the  precipi- 
tntiou  on  couliiig  ia  complete,  so  that  the  liquid,  even  tlious'b  containing 
an  excess  of  acid,  is  quite  free  from  tboriua:  tlio  double  salt  is  howMerl 
mixed  witb  crystids  of  j^ulpliate  of  potash. — 2.  The  salt  may  also  l>e  pre-l 

nd  by  fusiug  together  tborina  and  bisnlphnte  of  potash  at  a  red  hcaL 
yetallizes  from  an  aqueous  solution  by  spontaneous  evaporatiuo, 
from  a  hot  solution,  on  coolini,',  in  trunsp:ireut  and  colourless  rectangub 
prisms,  which  are  permanent  iu  the  air  at  ordinary  temperatures,  bat  whe 
gently  heated,  part  with  their  water  of  crystallir^iition  and  become  niiUc-j 
white.     The  salt  dissolve  slowly  in  cold  water,  but  abumlantly  and  withl 
ease  in  hot  water;  it  is  perfectly  insoluble  in  water  saturated  with  sulpbau 
of  potash  (thereby  distinguished  from  yttria).    The  aqueous  solution,  aftc 
long  continued  boiling  in  a  platinum  vessel,  deposits  an  insoluble  basic  salt 
while  bisulphato  of  potash  remains  in  the  solution;  but  the  decomposition 
does  not  go  beyond  a  certain  point.     The  basic  salt  is  very  soluble 
dilute  acijs  (dilfering  thereby  from  the  corresponding  zirconia  compoanJ)J 
but  not  iu  .alcohol.     It  docs  not  combine  by  fusion  with  bisulpbatu  of 
potash. 

Crystallized.  Berjeliu*. 

KO „ _ 4r-2       ...         2;(1U  .  2311 

ThO  „ 67-6      ....        3317  .  -  3308 

2SO» „„ 800      ....        39-25  ....  38-95 

HO 9-0       ....           4-42  ....  4-56 

KO,  SO  +  lliO.  SO*  +  Aq.       203-8       ~       10000         IT      100^00 

C.  Bromide  op  TnoRiNCH  and  Potassium. — Prepared  by  mixing 
bromide  of  thorinura  with  bromide  of  potassium. — White. 

D.  Chloride  of  TunniNrM  and  Pot.\8sicm. — A  mixture  of  the 
hydratcd  chlorides  of  thurinum  and  potassium  is  first  dried,  and  after-] 
wards  ignited  in  a  current  of  hydrochloric  acid  gas.  A  small  portion  onl^ 
of  the  chloride  of  thorinum  sublimes,  or  is  decomposed  by  the  water  still 
adhering  to  it. — In  combination  with  water,  or  lus hr/drochlorate  of  thorini 
and  poiath,  it  crystallizes  irregularly.  It  is  very  soluble  in  water,  and 
almost  deliquescent. 

E.  Flporide  of  THoniNL-.M  and  Potassidm. — Precipitated  in  th« 
form  of  a  white  powder  on  mixing  an  aqueous  solution  of  a  salt  of  ihorina 
with  fluoride  of  potas.vium,  or  with  any  other  8.alt  of  potash  and  fn 
liydrofluoric  acid.  The  salt  is  not  decomposed  l>v  ignition;  potassiun 
however  decomposes  it  with  a  tlight  explosion,  but  without  any  emission 
of  light.     It  is  insoluble  in  water, 

F.  Nitrate  of  Thori.na  and  Pot.^sh. — The  solution  evaporated  in 
the  air  to  a  syrupy  consistence  solidifies  completely  in  a  fibrous  mas&| 
Very  soluble  iu  water  and  in  alcohol. 


Thouincm  and  Sodium. 


Thorina  does  not  dissolve  before  the  blowpipe  in  carbonate  of  i 
In  bonix  or  microcosmic  salt  it  di.?.solvo8  very  slowly;  the  bead,  when 
saturated  with  the  earth,  becomes  millc-whito  on  cooling;  a  less  saturated 
globule  remains  transparent,  and  is  not  rendei»^^u||Uy  weu  by  flamiag.! 
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ZIRCONIUM. 


Klaprotb.     Zirconia.     Beitriigr,  1 ,  203  and  227 . 

Guyton-Mon-eau.     Zirconia.     Ann.  Chim.  21,  72. 

Vkoqnclin.     Zirconia.     Ann.  Clam.  22,  179. 

BerMlius.     Zirconia.     iS'c/tw.  21,  40. — Zirconiuiu  and  Zirconia.     Pogg. 

4,  117. 
Pfaff.     Zirconia.     .ScAup.  28,  102. 

Clicvreul.     Zirconia.     Ann.  Chim.  Phys.  13,  245;  aUo  Schw.  29,  144. 
Hermann,    liuchner's  Jieperl.  35,  117;  Ann.  Pharm.  52,  440,  1S44. 


lliitory.  Zirconia  was  discovered  by  Klaprotb  in  1789.  In  1821, 
Berzcliu.i  eliminated  tlic  metal  zirconium  from  it,  and  gave  a  more  exact 
account  of  its  chemical  relations. 

Sources.  Rare.  Found  as  an  oxido  combined  with  silica  in  Zircon 
(aiid  Hyacinth)  and  in  Eudialito;  with  titanic  sitid  in  Polymignite,  Aeschi- 
nito,  and  Oerstcdite;  and  with  tantalio  a«id  (to  the  amonul  of  3  per  cent.) 
in  Fcrgusouito. 

Preparation.  In  an  iron  tube  J  of  an  inch  wide  and  1^  inches  lony, 
closed  ut  bottom,  and  contained  in  a  platinum  crucible  not  much  larger 
than  it!)elf  and  furni.slied  with  a  cover,  a  mixture  of  drv  powdered  fluo- 
ride of  zirconium  and  potassium  arnngeil  with  pota:jsium  in  alternate 
layers,  is  heated  over  the  flame  of  a  spirit-lamp.  The  heat  is  applied 
gently  at  first — the  mixture  being  frequently  stirred  with  an  iron  wire; 
afterwords  the  temperature  is  raised  to  low  reilness — whereupon,  if 
tbo  double  fluoride  is  perfectly  dry,  reduction  takes  place  without  any 
ooiae  or  appearance  of  combustion,  A  tube  of  glass  may  al.so  be  used 
instead  of  an  iron  tube;  but  in  that  case  silicium  is  reduced  from  the 
gla«8,  and  as  the  tulio  cools,  cracks  ufT  and  contaminates  the  zirconium. 
Tbe  ma.'is  when  cold  is  digested  in  water,  on  the  addition  of  which,  a 
slight  evolution  uf  hydrogen  gas  takes  place,  and  the  zirconium  is  sepa- 
rated. It  is  then  washed  with  cold  water;  and  in  order  to  get  rid  of 
the  hydrnto  of  zirconia  mixed  with  it — which  is  formed  by  tin?  action 
iif  thi^  potash  on  the  renmining  sllico-fluoride  of  zirconium  (the  potrish 
Itaelf  being  pro<luccd  from  the  putujjjsium  by  dcconipo.iition) — it  is,  whilo 
ttill  wpt,  digested  for  six  hours  at  a  temperature  between  40"'  and  50% 
with  a  mixture  of  equal  jjarts  of  liydrooliloric  acid  and  water,  which, 
bjT  elighlly  acting  on  the  zirconium,  giveti  rise  to  tbe  evolution  of  a  AUiaJl 
^oantity  uf  hydrogen  gas.     Tbe  whole  is  tiicn  thrown  upon  a  Gll<.  r,  auJ 
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tiir  sii«on!nm  waahei),  firet  witli  w«t«r  oonUiaing  nl-uniooaiM, 
laitlr  wttb  alcobul.     (Br  w&fkin;^  with  pure  wster.  tbe  whole  of  tht  i 
cwnium  would  be  carried,  in  a  state  of  luioutc  Jivii-ion,  thn'Ogb  the  pop 
cf  the  filter.  (Benelius.) — Tbe  earlier  attempU  of  Sir  H.  Dary  (Gith.tSt, 
892)  to  obtain  zircoDiuni  were  attended  with  less  sali.sfact*<rj'  result* 

Baoquerel   (Attn.  Ckim.  I'hys.  48,  337)  introduced  into   tbe  tuboj 
(App.  8)  a  concentrated  eolution  of  chloride  of  zirconium,  mixed  wif 
s  enull  quantity  of  chloride  of  iron  (without  this,  tbe  decomposition  w 
not  take  place);  filled  the  tnbe  a  and  cup  e  with  a  solution  of 
«aU;  and  passed  the  positive  electrode  of  a  voltaic  lattery  of  30  ] 
the  lobe  a,  and  tbe  negative  electrode  into  tbe  tnbe  6.    Ihe  negati* 
tiDuto  wire  first  became  grey,  and  in  the  course  of  24  honrs  was  cover 
with  eteelgrey,  four-sided  tables,  first  of  zirconium  containing  injn,  bd 
sft«rw»rd«  of  pure  zin-oninm.    These  crystals  yielded  readily  to  the  fala 
of  a  hammer;  and  were  rapidly  converte<l  by  oxidation  into  a  white  i 
not  only  on  exposure  to  tbe  air,  but  even  in  tbe  liquid  in  which  they  m«r» 
produced.     This  change  took  place  as  soon  as  the  current  of  eledriutiMH 
mus  interrupted,  and  was  attended  with  evolution  of  hvdn<g«n  ga£.     ^Til^^l 
great  oxidability  waa  attribut«d  by  Bec<{oerel  to  the  presence  of  a  In^^ 
of  iron. 

Propertiet.  Black,  coherent  powder  resembling  charcoal  in  appear- 
anoe;  may  be  compressed  by  tbe  burnishing  steel  into  thin,  shining  scales  i 
rosembliflg  graphite,  of  a  grey  colour  and  some  degree  of  metallic  Instie: 
these  scales,  however,  do  not  conduct  the  current  of  a  hydro-electric  pair. 
Zirconium  may  be  heated  in  vacuo  or  in  an  atmosphere  of  hydrogen  gas  to 
tbe  melting  point  of  glass,  without  fusing  or  undergoing  any  change  (bnl 
if  hydrate  of  zirrunia  is  present,  tbe  metal  becumes  heated  to  redness,  f 
absorbing  the  oxygen  of  tbe  water  combined  with  tbe  zirconia).  Vn\ 
nited  zirconium  diffuses  itself  through  water  in  so  fine  a  state  of  dirisM 
that  it  paases  through  the  filter;  tbe  addition  of  bydrocblorie  acid,  sali^ 
enbsUtnces,  Ac,  instantly  causes  it  to  aggregate  into  large  flakes, 
it  be  left  at  rest,  and  especially  if  heat  be  applied,  the  zirconium  sei 
from  the  water  and  fiills  down  to  the  bottom,  but  only  after  a  cousia 
lapse  of  time.  (Berzelius.) 


Compounds  of  Zirconium. 

ZlBCOnVIl  AXD  OxYOBir. 

ZiRcoxiA.   ZrO. 

Zirconerde,  Zirkoniumrojeyd,  ffyaeintherd^,  Zirteme. 

Formation. — 1.  Zirconium  takes  fire  in  the  air  at  temperalnres  i 
derably  below  redness,  and  bums  with  a  brilliant  light,  though  tranqutll 
and  forms  zirconia,  white  and  free  from  potMeh.      If  the  metal  is  miw 
with  hydrate  of  zirconia,  the  combustion  is  attended  with  a  kind  of  esplj 
sion,  and  the  materials  are  scattered  about;  if  carbon  is  present,  it  becon 
CO  Eurronnded  by  the  earth   that  it  is  not  consumed,  and  gives  a  di 
hue  to  the  zirconia.     Zirconium   ignited  in  v»i;uo,  and  cxposeil  to  tbi- 1 
as  soon  as  it  cools,  becomes  so  much  heated  lluil  it  takes  tire;  hot  if,  aftj 
ignition,  it  is   first   brought  into  contact  with  air  in  a  narrow   tul>e, 
neither  takes  fire  at  that  time,  nor  when  MhoMHlty  thrown  out  mUt  i 
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Btf. — 9.  With  the  hydrates  of  the  fixeJ  alkaliii,  hydraUj  of  girconia,  or 
Bydrated  borax,  zirconium  explodea  on  the  ap|ilic-atiou  of  heal,  nl)Enrhing 
■se  oxygen  of  the  water.  Heated  with  corbonalo  of  potash  or  soda,  it 
combines  with  the  oxygen  of  the  carbonic  acid,  the  deconipusition  being 
attended  with  n  slight  explosion.  It  decomposes  chlorate  and  nitrate  of 
potash,  but  only  at  a  red  heat;  a  mixture  of  chlorate  of  potash  and  zirco- 
iiiuiu  takoN  firo  when  smartly  struck,  but  does  not  detonate. — 3.  Aqua- 
regia,  oil  of  vitriol,  and  concentrated  hydrochloric  acid,  oxidize  zirconium 
only  at  a  boiling  heat  atid  but  slowly,  the  latter  evolving  hydrogen  gas. 
Hydrofluoric  acid  dissolves  it  even  in  the  cold,  with  disengagement  of 
hyilrogen  Ma;  a  mixture  of  hydrofluoric  and  nitric  acids  dissolves  it  with 
great  rapidity.  (Borzelius.) 

PrrparalSon.  Zircon  (which  consists  of  silica  and  xirconin,  with  a 
rery  small  quantity  of  scsquioxide  of  iron)  or  hyacinth,  is,  in  the  first 
pl.ici?,  very  flnely  pounded:  the  oxide  of  iron  may  then  be  pujtially  sojia- 
ratrii  by  digestion  in  hydrochloric  acid. — As  zircon  is  frequently  found 
ptixed  with  spinelle,  gurnet,  ic,  it  should  be  previously  ignite<l — whereby 
iU  colour  is  destroyed,  while  that  of  the  other  gems  remains  unaltered — 
and  the  colourless  crystals  of  zircon  picked  out.  (Berzelius.) — The  decom^ 
position  and  further  treatment  of  the  zircon  is  then  conducted  as  follows: 

u.  Decompoiituin  of  tht  Zircon. — ).  Klaproth  and  Berzelius  fuse  the 
pounded  mineral  at  a  gentle  heat  with  4  or  5  parts — Chovreul,  and  Dubois 
ft  Silvoira,  with  2  parts  of  hydrate  of  potash,  the  material  being  jiut  into 
a  silver  crucible,  and  kept  at  a  gentle  heat  for  an  hour  or  two.  The 
cooled  ntass  is  tbeu  dige»ted  in  hot  water,  as  long  as  the  water  con- 
tinues to  dissolve  out  any  silicate  of  potash.  The  insoluble  residue 
consists  of  siliiute  of  zirconia  and  potash  (a,  1)  mixed  with  sesquioxide  of 
uon. — 2.  Berzelius  gently  ignites  a  mixture  of  one  part  of  zircon  and 
Sparta  of  carbonate  of  potash  in  a  platinum  crucible;  and  introduoea 
hydrate  of  soda  from  time  to  time,  in  small  pieces,  into  the  middle  of  the 
mixture — taking  care  that  it  does  not  come  in  contact  with  the  crucibi©— » 
wlicreupon  the  hydrate  fuses  and  is  absorbed  by  the  porous  mass.  Thi« 
mode  of  proceeding  prevents  the  spitting  which  would  otherwise  be  pro- 
doco<l  by  the  fiscape  of  the  water  contained  in  the  hydrate  of  soda.  The 
covered  crucible  is  tlien  exposed  for  three  quarters  of  an  hour  to  a  heat 
appro.acbing  whiteness. — 3.  Wdliler  {Bftteliui,  Lehrb.  2,  391)  introduces 

intimate  niixturo  of  one  part  of  powdered  zircon  with  4  parts  of  dry 
bonato  of  soda  iulo  a  platinum  crucible  fitted  with  a  cover;  places  this 
an  cartlien  cruriblo — tbo  bottom  of  which  is  covered  with  magnesia  to 
prevent  the  platinum  from  iidlieringto  it;  and  ignites  strongly  for  half  an 
Bour  iu  a  wiud-fumacc.  The  mass  becomes  fused  and  perfectly  disinte- 
jrr«t«d.— 4.  Berthier  {Ann.  Chim.  I'/ii/s.  .50,  362;  alio  Ann.  J'harm.  5,  246) 
Iaac4  one  part  of  zircon  with  3  parts  of  hydrate  of  soda  at  a  genllis  beat  iu 
K  silver  crucible,  or  with  3  parts  of  dry  carbonate  of  soda  at  a  high  lenipe* 
rature  in  a  platinum  crucible.  He  prefers  .soda,  because  potash  produces 
with  the  zirconia  a  double  salt  which  is  ditticult  to  decompose.  I'he  man 
ii)  ditruffcd  iu  a  large  quantity  of  colil  water;  tlie  solution  decanted;  and 
the  greater  part  of  the  soda  and  silica  sep.initcd  by  repealed  washing  with 
wattT.  and  decantntion. — 5.  Bertliior  first  fuses  tlie  zircon  at  a  gentle 
heat  with  2  parts  of  bydrnto  of  soda  in  a  silver  crucible,  and  then  exposca 
thw  mans  iu  a  charcoul  crucible  to  a  full  white  heat. — 0.  Borfliior  also  fuse* 
-  f"'--  itire  of  I  part  of  zircon  and  2  parts  of  carbonate  of  soda  in  a  silver  j 
e;  reduces  the  cooled  uinna  to  jMjwder;  mixes  it  with  I  part  of  auU  I 
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phur  ^to  1  part  of  tircon),  and  twites  the  mixture  in  a  charcoal  eranUe 
at  Bucn  a  temperature  that  the  iiuufs  may  remain  for  some  tiue  in  s  |>a*<T 
tAMie.  Ti»o  red<Iisli-^e_v,  blistereil,  aud  somewhat  crystalline  nus  u 
pounded  wlien  cold ;  then  diffused  throiiu;li  a  larce  qn.-uitity  of  tratar 
freed  from  atmospheric  air  by  lioilinj:;  and  the  solution,  whii'-h  <yml*«w 
Buiphidu  of  sodium  tofrother  with  sulphide  of  iron,  is  dec:i'  •  'h.' 

sirconia.    The  separation  of  the  iron  from  the  zirconia  is  fa<i  ■  •  z- 

verting  the  gesqnioxide  of  iron  into  sulphide. — •?.  Bertbier  {An».  C>  m. 
Pkj/».  59,  102)  places  a  mixture  of  10  parts  of  zircon,  3-3  parts  of  quurtr, 
and  11-1  parts  of  miirblo  in  a  charcoal  crucible,  and  heats  it  in  a  blasi-fur- 
nace.     The  iron  is  reduced,  and  may  be  deljiched  from  the  stony  mass  hy 
the  blow  of  a  hammer.     One  part  of  zircon  likewise  fuses  completely  iritB 
2"4  parts  of  litharge. — 8.  Wohler  {Pogg.  48,  94)  proposes  to  pass  cbloHne 
gas  over  a  mixture  of  powdered  zircon  and  charcoal  ignited  in  a  tubo  of 
porcelain  or  very  hard  class,  whereby  the  chloride  of  silicium   will  bo 
ToLatilized  and  the  chloride  of  zirconium  sublimed  in  combination  with 
xirconia,  and  in  such  a  state  as  to  be  perfectly  soluble  in  hydrochloric  acid. 
h.  Furthtr  treatment  of  tfu  disintegrated  tnast. — 1.   Klaproth  dissulr** 
the  powder  (a,  1)  in  dilute  hydrochloric  acid  (it  requires  lonp  d!g<>t$l)oa| 
and  heating);  filters  to  separate  any  zircon  that  may  remain  unact«d  oofl 
and  throws  down  the  hydrate  of  zirconia^ — contaminated  with  hydratMl 
eesquioxide  of  iron — by  means  of  caustic  potash. — 'i.  Chevreul  mixes  tlttJ 
powder  {a,  1)  with  hydrochloric  acid  to  the  consistence  of  a  thick  pasted 
introduces  it  into  a  long  glass  tube  taperinjj  towards  the  bottom;  attfl 
ButTors  concentrated  hydrochloric  acid  to  trickle  throuj:h  it,  till  that  vrhtdl 
passes  through  is  no  longer  blackened  by  snlphurctte<l  hydrogen — a  pi^xfl 
that  it  no  longer  contains  any  silver  from  the  crucible — aud  till   it  gi'^ 
with  hydrosulphate  of  ammonia,  a  pure  while  precipitate  of  hydrate  ol 
zirconia,  thereby  showing  the  absence  of  iron.   (The  hydrochloric  acid  iH 
passing  through  dissolves  a  portion  of  the  zirconia:  Benrlius.)     The  cIiIm 
ride  of  zirconium  still  remaining  in  the  tube  is  theu  dissolved  in  watcil 
filtered;  and  the  hydrate  of  zirconia  thrown  down  by  ammonia.     Accordl 
ing  to  Berzelius,   the  acid  hydrochlorate  of  zirconia  contaminated  witfl 
iron  may  be  evaporated  to  the  crystallizing  point,  and  the  crystals  purifiefl 
from  oxide  of  iron  by  digestion  in  concentrated  hydrochloric  acid,  in  whidfl 
they  are  but  very  sparingly  soluble:  the  crystals  may  then  be  dissolvtM 
in  water  and  the  solution  precipitated  as  before  by  ammonia. — 3.  Dabofl 
&  Silveira  {Ann.  Chim.  I'hyi.  14,   111;  also  N.  Tr.  5,  2,  439)  cvaporatB 
I  the  hydrochloric  acid  solution  of  (a,  1)  carefully  to  dryness;  exhau.«t  tfajl 
residue  with  water  acidulated  with  hydrochloric  acid,  which  leaves  thi 
silica  undissolved;  and  precipitate  zirconia  and  sesnuioxide  of  iron  froH 
the  filtered  solution  by  excess  of  ammonia.     They  then  wash  the  precipfl 
tate  thoroughly;  boil  it  with  solution  of  oxalic  acid;  separate  the  ferrfl 
oxalate  by  liltration  and  washing,  from  the  insoluble  oxalate  of  zirconia 
and  either  ignit«  the  latter  to  obtain  the  pure  earth,  or  decompose  it  witB 
potash  to  obtain  the  hydrate. — t.   Berzelius  dilutes  the  iiydrocliloric  acH 
Holution  of  ((7,  1)  with  water,  and  boils  it  for  a  quarter  of  an  hour.    Basfl 
hydrochlorate  of  zirconia  free  from  iron  is  then  thrown  down,  and  may  M 
separated  from  the  acid,  either  by  ignition  or  by  digestion  with  caustil 
potash. — •>.  Or  ho  saturates  the  neutral  solution  with  sulphate  of  pota^H 
whereby  a  biisic  sulphate  of  zirconia  and  ]>ota.sli  i»  formed;  washes  tlifl 
double  salt  with  a  saturated  solution  of  sulphate  of  jiot-uli;  .-lud  digcsj 
with  solution  of  potash.     The  zirconia  is  llanbv  sipamtod  iu  the  forS 
of  hydrate,  which  is  washed  aud  dried. — Th  i  after  being  trcalM 
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trith  t-u)|ihate  of  potash,  still  contains  a  portion  of  zirconia  together  with 
the  oxide  of  iron;  both  hases  may  be  thrown  down  by  potash;  the  preci- 
pitate dissolved  in  a  small  qiiuntity  of  hydrochloric  ncid;  and  tlic  zirconia 
again  separated  by  the  addition  of  sulphate  of  jiotash. — 6.  Berzelina  dis- 
solves the  ignited  inajss  (a,  2)  after  cooling,  in  dilute  hydrochloric  acid; 
filters  from  undccomposed  zircon;  evaporates  the  filtrate  nearly  to  dry- 
ness; ililutes  with  water;  and  separates  the  solution  from  the  silica  by 
filtration.  Ho  then  adds  an  excess  of  aninionia;  dissolves  the  precipi- 
tated hydrates  of  zirconia  and  ferric  oxide  in  tartaric  acid;  supersjiturates 
the  liquid  with  ammonia;  mixes  the  clear  solution  with  bi-hydrosulpliate 
of  ammonia,  which  precipitates  the  iron  in  the  form  of  protojiulphide; 
jmts  the  mixture  into  a  stoppered  bottle,  and  leaves  it  in  a  warm  pla«« 
till  the  precipitate  has  settled  down;  pours  oflT  as  much  of  the  solution  as 
p)S8ibIo,  and  filters  the  rest — without  however  washing  the  sul]diidc  of 
iron — as  a  portion  of  iron  might  thereby  be  imparted  to  the  liouid — and 
finally  evaporates  to  dryness  and  ignites,  till  nothing  but  pure,  white  zirco- 
nia is  left  behind. — 7.  -Berthier  treats  the  insoluble  residue  (a,  4)  with 
cold,  moderately  strong  hydrochloric  acid;  adds  water,  which  dissolves 
Dearly  the  whole;  evaporates  to  a  small  bulk;  separates  the  solution  from 
",e  insoluble  silica;  dilutes  it  with  a  considerable  quantity  of  water;  and 
■urates  it  with  hydrosulphuric  acid.  Any  precipitate  of  sulphide  of 
iper  that  may  bo  fonued  (the  copper  being  derived  from  the  silver 
erucible)  must  be  separated  by  filtration.  The  liquid  is  then  mixed  with 
excesii  of  ammonia,  which  throws  down  a  mixture  of  hydrate  of  zirconia 
and  protosulphide  of  iron;  and  the  precipitate — after  being  scpanited  from 
the  liquid,  by  leaving  it  to  subside  in  a  stopj)crcil  bottle  and  decanting — 
is  mixed  with  such  a  quantity  of  aqueous  sulphurous  acid  that  the  odour 
of  tbo  acid  may  remain  permanent.  The  sulphurous  acid  dissolves  tho 
whole  of  the  iron  in  the  fonn  of  ferrous  sulphite.  The  jierfectly  white 
hyilruto  of  zirconia  which  remains  undissolved,  is  lastly  to  be  washed  with 
water.  A  small  quantity  of  zirconia  is  dissolved  by  the  excess  of  sul- 
phurous acid,  together  with  the  oxide  of  iron;  but  by  boiling  the  liquid 
till  tho  excess  of  acid  is  expelled,  the  zirconia  is  completely  prccijiitatoil 
without  the  slightest  admixture  of  iron. — 8.  Berthier  digests  the  residue 
(a,  G) — freed  by  water  from  the  sulphides  of  iron  and  sodium — in  a  small 
qnintity  of  hj'drochloric  acid,  and  thereby  dissolves  out  the  rest  of  the 
iron  and  a  small  quantity  of  zirconia.  The  remaining  zirconia  merely 
requires  to  be  freed  from  silica.  The  small  quantity  of  zirconia  contained 
in  the  ferruginous  hydrocLloric  acid  solution,  may  be  precipitated  by  tho 
cautiouH  addition  of  carbonate  of  ammonia  or  carbonate  of  soda,  the  iron 
in  the  liquid  being  in  the  state  of  protoxide. 

IF  Sclicorer  {Po</i/.  Si),  48)  fuses  zircon  with  four  times  its  weight  of 
carbonate  of  soda,  and  digests  tho  residue  in  pure  water.  The  water 
difjiolves  out  silicate  of  soda,  together  with  tho  excess  of  carbonate,  and 
leaves  behind  a  heavy,  white,  insoluble  comjiound  of  zirconia  and  soda, 
together  with  light  flukes  of  oxido  of  iron,  oxido  of  mangiinese,  and  other 
forciyu  subslunces,  which  float  about  in  tho  liquid  when  it  is  agitated. 
The  >iU]ierDatunt  liquid  is  poured  off,  with  as  much  of  the  impurities  as 
po^»ililr' — fresh  water  added — and  the  treatment  repented  till  nothing  but 
thii  heavy  white  powder  remains.  This  j-ubstanco  may  be  collected  ou  a 
filu-r  aiKl  washed,  if  necessary,  but  not  too  long:  for  it  is  gradually  decom- 
poBrd  by  w:ifcr.  zirconia  passing  through  the  filler  in  the  jieculiar  state  in 
the  a<li()ii  of  ucids.  On  pouring  hydroclilortc  arid  orer 
iiieH  heated,  and  swclla  up  coiisiderubly,  but  without  cvo][M 
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iinn  ot  gns.     On  adding  water  to  the  stroUen  mam,  a  clear  mlolioD 
obUiincd,  from  which  annnnoia  precipitates  pure,  snnw-white  hydrate 
zircoiiia.    The  precipitate  raay  then  he  collected  on  afilter,and  thorough 
washed  with  pure  water,  to  free  it  from  the  adhering  solution.   IT 

The  hydnite  of  zirconia  ohtained  hy  moat  of  these  proceosea  may  b« 
converted  into  the  pure  earth  by  ignition. 

Propfrtiet.     White  powder,  rough  to  the  (onch;  scratches  glass  (« 
formed  into  hard  lumps  by  igniting  the  hydrate  wrthout  previonsly  redncdl 
it  to  powder:  Berlhifr).     At  the  heat  of  a  smith's  forge,  it  fuses  imp 
fectly,  and  forms  a  grey  mass  of  specific  gravity  4-35,  which  reseml 

porcelain  in  appearance,   gives    sparks  with   steel,  and  scratofaes  ghi 

(Vauqueliii.)     Acc*irding  to  Sir  H.  Davy,  it  even  scratches  rock-cryjUl 
Acconlin?  to  Berzclius,  pure  zirconia  is  infusible;  that  which  fuses  CO 
tains  potiLsh.    In  the  blowpipe  flame,  it  emits  a  light  of  unusual  splenJofl 
(Berzelius.)     It  is  tasteless  and  inodorous. 

Calculation.  *  Berzeliot. 


Zr.„ ~„ 

O  

22-4  .. 

80  .. 

73-68 
26-32 

73-686 
26-314 

ZiO  

30-4   .. 

.  10000 

lOO-OUO 

(ZriC  =  2  .  420-2  +  3  .  100  =   11404.     Bcnelius.) 

DeeompfiDUioTU.     By  the  simultaneous  action  of  charcoal  and  chlorifl 
By  electricity,  in  the  presence  of  mercury,  potassium,  or  .sodium  J 
potassium  at  a  white  heat  1 

Combinatioiit. — a.  With  water:  Hydrate  op  Zirconia. — For  the 
vifjiai-atioti,  see  that  of  the  earth. — When  freshly  precipitated,  it  is  a 
white,  bulky,  semi-gelatinous  mass;  when  dried,  it  shrinks  up  and  forms  a 
yellowish,  shining,  translucent,  gummy  mass,  having  a  conchoidal  fracture. 
Vauquelin.) 


V 


SZrO 
HO    . 


ColcoUtion. 
60-8     ....     8711 
90     ....     12-89 


Beraelios, 
87  11 
12-89 


H.  Darf. 

80 
20 


KUprotk. 
66-7 
33-3 


2ZtO.  HO  ....     69  8 


10000 


lOOOO 


100 


1000 


The  water  is  expelled  at  a  temperature  considerably  below  re<tne«; 
and  if  the  heat  be  raided  to  low  redness,  after  all  the' water  has  bMB 
driven  ofl",  the  peculiar  incandescence  first  observed  by  Sir  H.  Davy  i* 
produced  (I.,  107).  According  to  Chevreul,  the  incandescence  is  pre- 
ceded by  blackening.  (This,  according  to  Ucrmaoii,  arises  from  the 
presence  of  impurities.) 

6.  With  acids,  forming  the  Salts  op  Zihco.ma. — The  affinity  of  acids 
for  zirconia  is  very  slight.  Zirconia,  which  has  been  heated  to  incanile*- 
cence,  is  no  longer  soluble  in  any  acid,  excepting  sulphuric  acid :  if  it  be 
finely  pounded,  and  slowly  digested  in  a  heated  mixture  of  2  parts  of  oil 
of  vitriol  and  1  part  of  water,  till  the  water  and  excess  of  acid  are  driven 
off,  a  residue  is  left  consisting  of  soluble  sulphate  of  zirconia.  The 
hydrate,  when  precipitated  and  washed  in  the  cold,  and  the  carbonate 
precipitated  in  the  cold,  dissoWe  readily  in  acid.i ;  but,  if  the  hydrate  has 
heen  precipitated  hot,  or  was\\ed  w'rtVi  YioXWwv^'wiiAw.V*.  ^iseuVsw  only  to 
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icentrateil  acids,  and  after  long  digestion  at  a  high  temperature.  The 
hydrate  is  not  soluble  in  boiling  solutions  of  aramoiiiaciil  salts  (Berzelius); 
or  in  i^oluiions  of  alkaline  carbonates,  oven  when  it  is  freshly  precipitated 
(Hermann).  The  soluble  salts  of  ziroonia  have  a  strong,  purely  astrin- 
Knf,  sour  taste,  and  redden  litmus.  When  strongly  heated,  they  give  up 
(heir  avid,  provided  the  acid  is  of  sach  a  nature  that  it  can  bo  volatilized 
or  decomposed  by  heat.  The  precipitates  produced  in  solutions  of 
sircunia-isalts  by  various  rengcnts  are  as  follows;  Pure  alkalis  and  alkaline 
Itydrosuljjhates  act  upon  solutions  of  zirconla  in  the  same  manner  as  upon 
the  solutions  of  the  preceding  earths,  tliorina  perhayis  excepted — that  is  to 
say — they  produce  a  precipitate  of  hydrate  of  zirconia,  insoluble  in  excess 
of  the  reagent  (and  containing  a  small  quantity  of  the  alkali  obstinately 
adhering  to  it:  Hermann).  The  preeipilalion  by  the  alkaline  hydrosul- 
phaies  is  attendcil  with  evolution  of  hydrosulpburic  acid.  The  alkaline 
carbonates — and  carbonate  of  lime,  according  to  Kobell — give  a  precipi- 
tate of  cirbonatc  of  zirconia,  which  is  .soluble  in  excess  of  monocarbonate 
or  bicarbonate  of  ammonja,  potash,  or  soda,  especially  if  the  zirconia-salt 
be  added  by  degrees  to  the  excess  of  alkaline  carbouaie,  and  the  liquid 
agitated.  II  Hermann  states  that,  when  an  alkaline  carbonate  is  added  to 
a  neutral  solution  of  zirconia,  the  first  portions  give  rise  to  the  formation  of 
a  soluble  basic  salt,  and  a  further  quantity  throws  down  an  insoluble  basic 
salt,  with  evolution  of  carbonic  acid.  This  basic  salt,  however,  dissolves 
in  an  exce.ss  of  the  reagent,  forming  a  double  carbonate.  The  alkaline 
sulphites  behave  in  a  similar  manner.  (Ann.  Phdrm.  a'J,  240.)  IT  Phos- 
phoric acid  and  phosphate  of  soda  produce  a  white  precipitate  of  phosphate 
of  zirconia.  Sulphate  of  potash  after  a  short  time,  even  with  excess  of  acid 
present,  throws  down  basic  double  sulphate  of  zirconia  and  potash,  soluble 
in  a  large  quantity  of  hydrochloric  acid,  when  precipitated  from  a  cohl 
solution,  but  scarcely  soluble  when  precipitated  from  a  hot  molution.  Sul- 
phate of  soda  causes  no  precipitation;  sul|>bato  of  ammonia  sometimes 
only,  the  precipitate  thereby  produced  being  more  easily  soluble  in  waf«r 
and  acids.  (Bcrzeliu.s.)  Oxalic  acid  :  floculent  oxalate  of  zirconia,  soluble 
in  a  large  excess  of  hydrochloric  acid  (Vauquelin,  H.  Rose);  according  to 
PfalT.  oxalate  of  ammonia  precipitates  the  hydrochlorate,  but  not  the 
fiuiphate  of  zirconia.  Alkaline  tartrates:  white  tartrate  of  zirconia, 
aoluble  in  caustic  potash.  Alkaline  benzoates  and  succinates:  white 
benzoate  or  succinate  of  zirconia.  Tincture  of  galls:  copious  white, 
(Vauquelin),  yellow  (Berzelius),  and — by  concentrating  the  solution — 
gelatinous  precipitate  (Chevrenl),  soluble,  according  to  Vauquelin,  in 
exci>?3  of  the  tincture.  The  zirconia-salts  are  not  precipitated  by  zinc  or 
tin  (PfafF);  by  sulphuric  acid,  unless  potash  is  also  added  (Berzelius);  by 
citric  acid,  or  the  alkaline  citrates,  even  with  the  aid  of  heat  (Berzelius); 
or  by  fcrricyanide  of  potassium.  According  to  Berzelius,  ferrocyanido 
of  iHitassium  likewise  causes  no  precipitate;  but  according  to  Pfaff,  it 
produces  a  greenish-white,  and,  according  to  Chevreul,  a  white  precipitate, 
voluble  ia  excess  of  the  reagent. 


Zirconium  iND  Carbon. 


A.    Carbide  op  Zinco.MUM. — Formed  when  zirconium  \n  prepared 
lib    jKji.-is.siuni    containing   carbon.      It   resembles   pure   zirconium   in 
;iiil  appearance;  but,  when  dissolved  in  hydrofluoric  acid,  le«ves 
''  '>f  carbon;  with  boiling  hydrockloiic  acid,  it  evolves  bj  ' 
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giu  trbicli  smells  like  tbat  prepared  front  cast-iron.    Wlien  bnmt,  it^ 
zirconia  wbicli   is  not   perfectly  white,  because  a  portion  of  the  < 
remain!^  uncouguuieii.  (Berzeliu^.) 

B.  Carbonate  op   Zirconia. — Formed  when   a  salt  of  iireonia 
precipitated  in  the  cold  by  carbonate  of  potash.     White  povder,  whid 
acconiing  to  Klaproth,  contains  51 '5  per  cent,  of  earth,  7  of  acid, 
41 -.5  of  water;  according  to  Vatiqucliu,  33-5  per  cent,  of  earth,  and  44^ 
of  acid,  together  with  water  whicn  is  evolved  at  a  gentle  heat. 

Zirconium  and  Boron. 

Borate  op  Zfrcoma. — Prepared  by  precipitating  a  salt  of  xir 
with  borax.     White  powder,  insoluble  in  water. 


Zirconium  and  PBospnoRus. 
PnosPHATE  OF  Zirconia — White;  insoluble  in  water. 


Zirconium  and  Sulphur. 

Sulphide  op  Zirconitm. — When  zirconium  ia  heated  in  vacuo  wK 
eiilphur,  combinntion  takes  jdace  without  cniis«ion  of  light  and  beat; 
when  the  same  substances  arc  heated  in  a  vessel  full  of  hydrojjen  grtfJ 
Blight  combustion  is  observed.     Dark  cinnamon-coloured  powder,  whil 
does  not  acquire  any  lustre  under  the  bumishing-steel,  and  is  a  non-ca 
ductor  of  electricity.     Fu^ed  with  potash,  it  yields  zirconia  and  sulphil 
of  potassium.     It  dissolves  very  readily  in  hydrofluoric  acid,  giving 
eujpbarctted  hydrogen;  in  boiling  aqua  regia  it  dissolves  very  slowly. 

B.  Sulphite  of  Zirconia. — White,  insoluble  in  water;  according 
Berthier,  however,  it  is  siightl}'  soluble  in  an  aqueous  solution  uf  sulpha 
ous  acid,  from  which  it  is  again  thrown  down  on  boiling. 

C.  Sulphate  OF  Zirconia. — o.  Tritulphate.  A  solution  of  the  salt  c 
is  precipitated  by  alcohol,  and  the  precipitate  washed  6rst  with  almliot 
and  then  with  water;  or  a  solution  of  the  salt  b  is  largely  diluted  with 
water.  White  flakes,  insoluble  in  water  but  soluble  in  hydrochloric  acid. 
(Berzelius.) 

Calculation.  Benelios. 

3ZrO    91-2     ....    69:il         69-47 

SO'  400     ....     30-49         30-53 

SZrO.SO'    ....     131-2     ....  10000        100  00 

Hermann  mentions  a  sex-basic  sulphate. 

h.  Di-mtlphate.  Formed  by  saturating  a  concentrated  solution  of  the 
salt  c  with  hydrate  of  zirconia.  On  evajiorating  the  liquid,  a  mass  of  all 
is  obtained  which  is  gummy  and  fissured  at  first,  but  when  further  dried 
becomes  white  and  op.ique.  The  salt,  when  heated,  swells  up  like  aluin, 
and  parts  with  its  water;  but  a  white  heat  is  required  to  expel  the  ocitL 
The  salt  dissolves  in  a  very  *mall  quantity  of  water.     By  a  larger  nddi- 
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tion  of  water,  the  solntion  is  resolved  into  the  salt  a,  which  is  procipitatod, 
aud  the  salt  c,  which  reniaiDM  in  solution.  (Bcrzclius.) 

Calculation.  BDrzelias. 

2ZrO  60-8     ....     60-32        6027 

SC 400     ....     39-68         39-73 

2Z0r,  SQs  ....  100-8     ....  10000        10000 

c.  MonosiifphaU. — Zirconia  or  hydrate  of  zirconia,  free  from  potash, 
is  dissolved  in  an  excess  of  suliihuric  acid;  tho  solution  evaporated  to 
dryness;  and  the  residue  heated  for  a  quarter  of  an  hour  at  a  temperature 
just  hejow  redness.     The  salt  loses  the  whole  of  its  acid  at  a  full  red  heat. 

J/ydraled. — A  neutral  solution  of  the  salt  yields  on  evaporation  a 
pimmy  mass,  which,  when  further  dried,  hecomes  white  and  full  of 
fissures.  If,  however,  tho  solution  contains  free  aciil,  hydrated  crystals 
»re  obtained,  which  may  be  freed  from  adhering  acid  by  means  of  alcohol. 
The  crystals  fuse  when  heated,  giving  off  their  water,  and  swelling  up 
like  alum. 

The  anhydrous  salt  dissolves  very  slowly  but  completely  in  cold,  and 
rapidly  in  hot  water.  Ammonia  added  in  excess  to  the  solution,  pre- 
cipitates pure  zirconia  free  from  sulphuric  acid.  Alcohol  throws  down 
a  mixture  of  tho  monosulphate  and  trisulphate,  which,  after  being  washed 
for  a  considerable  time  with  alcohol,  is  entirely  converted  into  the 
trisulphate  of  zirconia.  (Bcrzelius.)  The  crystallized  salt,  as  obtained 
by  Vauiiuelin  and  Klaproth,  contains,  according  to  Berzclius,  a  small 
quantity  of  potash. 

CAlralation.  Bcrzclius. 

ZrO  30-4  ....   43-18  43-13 

SO» 40-0  ...   56-82   56-87 

ZrO.S0»    704  ....  100-00  lOO-OO 

Zirconium  akd  Selenium. 

Selenite  of  ZincoMA. — White  powder,  which  parts  with  it«  acid 
when  ignited.  It  is  insoluble  in  water,  but  soluble  in  an  aqueous  solution 
uf  «clcuiou8  acid.  (Berzclius.) 

ZlRCOMUM   AND   BrOHIKE. 

Ihjdrated  Bmmide  of  Zirconium,  or  Vydrobromaie  of  Zirconia.-— 
A  solution  of  hydrnto  of  zirconia  in  aqueous  hydrobromic  .icid  yields, 
nfter  evaporation  and  standing  for  several  days,  granular  crystals,  which 
have  a  slightly  astriugent  taste,  and  are  resolved  by  heat  into  hydrobromic 
acid  and  zirconia.  (Berthemut,  Ann.  C/tim,  Fliys.  4-1,  393.) 


Zirconium  and  Chlorine. 


A.  CtiLORiDE  OP  Zirconium. — I.  Zirconium  gently  heated  in  chlo- 
rine gas  takes  fire   and  burns,  forming  a  white  substance  which   does 
not    vnjiitiltze.  (Berzclius.) — 2.  A   mixture   of  zirconia  (or   zircon)   and 
.'iiileil  ill  a  current  of  chlorine  gas,  yields  (besides  the  rliloride 
.1  evolved  when  zircon  is  used)  &  white  sublimate.    (\Vuhler 


S46  zntcoNnm. 

Poftg.  48,  94.)     Chloride  of  sirooninm  prepared  bj  nthsr  method, 
when  digesic<l  iu  water,  a  portion  of  zireonia.  andiseolredj  in  hydrocUoiio 
acidj  however,  it  dissolve*  completely, 

UyJrated  Chloride  of  Zirconium,  or  IfonohydrocMoraU  of  Zireoitia.— 
Cbloride  of  zirconium  is  dissolved  io  water,  or  hydrate  of  zi 
aqueous   hydrochloric  acid,   and  the  »ulutiou  evapomled  to  tl 
lizliig  pt>iut.     The  mother-liijuor  coataina  the  excess  of  hydnx-!: 
log--lher   with   a    vnry   small    quantity   of  zircunia.       Small 
L  needlf^s,  Imvinj;  a  >ilkv  lustre  and  rough  taste.     In  the  air  at  a  Urii)|.r- 
liaturo  of  50'  (122'   P.),   they  become   opaque,   and  lose   half  their  h< nl 
I  together  with  their  water  of  crystallization  ;  the  other  half  nf  the  aci'i  m 
r  vhollv  drivnn  off  by  exposure  to  a  stronger  heat.    The  crystals  are  rca>lih' 
soluble  iu  water  and  alcohol,  but  dissolve  very  sparingly  in  concentr;»l<'d 
hydrochloric  acid.    The  aqueous  sulutioo,  however  dilute,  yields  no  prwi- 
pttale  on  boiling.     When  it  is  evaporated  to  dryness  at  a  touiperature  i  ' 
60'  (140"  F.),  half  the  acid  is  expelled,  and  the  salt  is  converted  into 
anhydrous  residue  of  di-hydrochlorate  of  zireonia.  (Berzelius.)     Henuaital 
likewise  mentions  the  existence  of  a  bi-hydrochlorate  and  a  tri-bydro- 
chlomte  of  zireonia.  ( Vid.  aeq.) 

B.  Htdrated  Oxyohloride  op  Zircoxittm,  or  Di-htdrocrloratb  ( 
Ztrconi;i. — A  solution  of  the  crystallized  hydrochlorate  of  zireonia  giro 
off  part  of  its  hydrochloric  acid  on  evaporation,  and  leaves  a  yellowish 
j^mmy  ma>>s,  containing  one  atom  of  zireonia  with  one  atom  of  chlnrid 
of  zirconium,  besides  water.     Water  dissolves   this  substance  slowly  bu 
completely.     When   the  solution  diluted  with  an  additional  quantity  of 
water  is  boiled  for  an  hour,  it  deposits  the  greater  part  of  the  e.irth  as  a 
itiU  more  bainc  mil,  in  the  form  of  a  transparent,  gelatinous  }>recipitat 
which  stops  up  the  pores  of  a  filter,  and  dries  up  to  a  yellowish,  ti 
rent,  fissured  mass.  (Berzelius.) 

ZlRCONinM  AKD  FlUORINE. 

Hydrated  Flhoride  op  Zirconium,  or  HYDRopLrATE  or  Zntcavu 
— Hydrofluoric  acid  continues  to  dissolve  zireonia  till  the  liquid  no  lone. 
exhibits  an  acid,  but  merely  a  rough  taste.  B}'  evaporating  this  solution 
a  crystalline  salt  is  obtained,  which  is  resolved  by  water  into  a  soluhlj 
acid  salt  and  a  hatic  salt  which  remains  undissolved.  On  boiling  \.hi 
solution,  a  further  partial  precipitation  of  the  earth  takes  place,  and  Ui4 
liquid  becomes  still  more  acid.  (Berzelius.) 

ZlSCOMDM   AND   NlTBOaEN. 

A.  Nitrate  of  Zjrconia. — A  solution   of  hydrate  of  lirconia  in 

nitric  acid,  yields  on  evaporation  a  yellow,  glutinous,  gummy  mass,  which 

utastes  rough  and  sour,   and  loses  its  acid   when  heated.     The  salt,  after! 

R>eing  dried  at  a  temperature  not  above  100^,  is  still  perfectly  soluble  ial 

'  wuler:  and  the  solution  has  the  power  of  talking  up  a  large  additiouall 

quantity  of  zireonia,  in  consequence  of  the  formation   uf  a  soluble  6>7.s»«l 

mli.     Hence,  a  large  quantity  of  alkali   may  be  added  to  the  solutionl 

before  a  permanent  jirecipitute  is  produced.  (Berzelius.)     According:  tol 

Vttuqaclin,  water  dissolves  only  a  portion  of  the   residue  left  I'  1 

rating  the  nitric  acid  solution  to  dxynees^^^^^Mitor  mrt    l  '  .A 
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behind  ia  the  fonn  of  viscid  lumps  (of  basic  saltt).     Hermann  montiona  a 
dinitrato  and  trinitrate  of  zirconia. 

B.  Carbonate  op  Zirconia  and  Ammonia. — Monocarbonato  or 
bicarbonate  of  ammonia  dissolrea  the  hydrate  of  zirconia  very  slowly 
and  irafKjrfectly,  but  tlie  carbonate  of  zirconia  with  greater  facility, 
es])«cially  when  small  quantities  of  a  salt  of  zirconia  are  added  to  an 
exccKS  of  carbonate  of  ammonia,  and  the  liquid  frequently  stirred.  But 
it  any  of  the  earth  sbouM  be  precipitated,  it  often  remains  undissolved  for 

iTenil  hours.  On  boiling  the  solution,  the  zirconia  is  completely  pre- 
<ei{>itated  in  the  form  of  bydrate,  free  from  carbonic  acid,  even  before  the 
•xC'CfV  of  carbonate  of  ammonia  ia  driven  otf.  From  a  solution  in  bicar- 
honate  of  ammonia,  the  zirconia  separates  in  the  form  of  a  white  powderj 
but  from  the  monocarbonate,  it  is  deposited  in  transparent,  gelatinous 
lumpd.  (Berzelius,  Poffff.  4, 143.) 

C.  SuLPHATB  OP  Zirconia  and  Ammonia. — Frequently,  but  not 
ftlways  precipitated  on  mixing  concentrated  solutions  of  suljihate  of 
ammonia  and  neutral  sulphate  of  zirconia.  Soluble  in  hot  and  cold  water, 
and  also  in  acids,  (fierzelius.) 

D.  Ammomo-chloride  op  Zirconium. — Chloride  of  zirconium  absorbs 
Mmnoniacal  gas  at  ordinary  temperatures.  (Persoz.) 


Zirconium  and  Potassium. 

A.  Zirconia  with  PoTAsn. — Zirconia  ignited  with  hydrate  of  potash 
ia  Dot  thereby  rendered  soluble  in  water,  which  merely  E0]iaratc8  the 
•UMS  of  potash,  but  appears  to  combine  with  a  portion  of  the  alkali, 
and  is  rendered  soluble  in  acids.  (Berzelius.) 

B.  Carbonate  op  Zircoma  and  Potash. — Hydrate  of  zirconia  is 
fectly  insoluble  in  carbonate  of  potash,  and  freshly  precipitated  carbo- 

Me  of  zirconia  dissolves  but  very  slowly.  When  a  salt  of  zirconia  is 
jdt'd,  drop  by  drop,  to  an  excess  of  carbonate  of  potash,  and  tbo  liquid 
frequently  agituted,  solution  takes  place  immediately;  bicarbonate  of 
potash  is  a  better  solvent  than  monocarbonate.  Hence,  when  the 
former  solution  is  boiled,  whereby  the  carbonic  acid  is  expelled,  it 
'pposits  a  portion  of  the  zirconia  in  the  form  of  a  hydrate.  The  earth  is 
*  deposited,  though  in  small  quantity,  when  tbo  solution  is  mixed  with 
Ammonia,  which  combines  with  the  excess  of  acid  in  tbo  bicarbonate. 
The  rent  of  the  zirconia  may  be  thrown  down  by  boiling  the  solution  with 
sal-ammoniac.  (Berzelius.) 

C.  Sulphate  op  Zirconia  and  Potash. — a.  Bisulphato  of  potash 
in  n  state  of  fusion  dissolves  zirconia,  forming  a  mixture  which  is  per- 
fectly clear  while  in  the  fluiil  state.  If  a  large  exces.i  of  bi$ulpbate  of 
potash  is  present,  the  muss  when  cold  dissolves  completely  in  water;  but 
when  the  quantity  of  that  salt  is  smaller,  the  fused  mii.'s.';  is  dreompose<i 
by  water,  mto  lusulphate  of  potash  which  dissolves,  and  the  salt  b  which 
remains  uudi.<'iolved. 

b.  From  neutral  solutions  of  zirconia-salts,  sulphate  of  potash,  added 
cither  in  crystjils  or  in  saturated  solution,  graduiiliy  separates  the  whole 
«r  ihf  zirconia  in  the  form  of  a  crystalline,  btuic  double  salt,  while  a  por^. 
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tion  of  tbe  sulpbato  of  potosh  is  conTortcd  into  bi«ti]pLate  ao 
in    solution.       If   excess   of    nciil   is  present,  a  portion  of    tlie  aitnnia 
■till  remains  ilissolved.  but  is  procijataie'l  on  neutralizing  vr\th  ^wtMti. 
Till'  Kanie  precipitate  is  likewise  produced  on  mixing  sulpl. 
with  any  salt  of  jwtash.     This  salt  ap]>ears  to  coubist  i  ! 
phatc  of  zirconia,  and  likewise  contains  h  very  hmall  quantity  of  salpba 
of  potash.     The  zirconia,  however,  is  present  in  a  peculiar  >.tatc,  in  whni 
it  is  less  .soluble  than   in  its  ordinary  fonn.      The  sailt   dissolves  xtf] 
Bpariiigiy  in  water,  and  is  nyiiin  precipitated  by  sulphate  of  potash;  afto 
being  wa^ihcd   with  a  small   <|uautity  of  water  only,   it  dissolves  witl 
tolerable  facility  in  acids,  esj>ccially  when  aided  by  heat.     If,  Lowfveij 
it  l>e  thoroughly  washed,  or  boiled,  either  in  the  liquid  from  which  it  i 
precipitated,   or   in  water,  it  then    becomes  nearly    insoluble    in    tral« 
and  acids,  and  requires  a  large  quantity  of  strung  acid   to  dissoiro  it 
After  ignition — by  which  it  loses  water  and  sulphuric  acid — it  is  insolubid 
in   boiling  oil  of  vitriol.     Fusion  with  potash  renders  it  only  partial!) 
eoluble  in  aciils;  but  if  it  be  fused  with  a  large  quantity  of  bisulphate  i 
potash,  and  then  digested  in  water,  the  sulphate  of  potash  is  dLgsolve 
out,  and  the  double  Fait  is  left  behind  in  the  condition  which  it  exhibit! 
■when  just  precipitated.      Solution  of  ammonia  or  carbonate  of  potMh 
decomposes  this  salt  imperfectly;  carbonate  of  ammonia  dissolves  it,  bn 
on  boiling  deposits  it  again  in  it£  previous  state  of  insolubility  in  acid 
(Berrclius.) 

D.  Fli'oride  OK  ZiRCOSiCM  AND  PoTASsimw. — o.    With  a  sinal!  pr*^ 
portion  0/  Flum'itii:  0/  Zirconium. — Formed  when  concentrate<i  bydroflua 
of  zirconia  is  added  drop  by  drop  to  an  excess  of  hydrofiuate  of  potash.- 
b.    With  a  lartfrr  j/roportion  cf  Fluoride  of  Zirconium. — Formed  by  drop 
ping  hydrofiuate  of  jiotash  into  an  excess  of  hydrofiuate  of  zirconia. 

In  both  cases,  a  precipitate  is  formed,  which,  when  dissolved   in  hot 
water,  ami  then  evaporated  or  subsctjuently  cooled,  yields  small  gronula 
crystals,  which,  at  a  red  lieat,  neither  part  with  water  nor  undergo  an] 
other  change.    When  heatctl  with  potassium,  they  j'ield  zirconium,  and  ; 
sparingly  soluble  in  cold,  but  more  abundantly  in  hot  water.  (Berzelius.)^ 

Crystallixcd,  a. 

2K   78'4     ....       3279 

I  3Zr  „ 67-2     ....       28- H 

■  SP    95-5     ....       3910 

1  2KF,3ZrF  2391     ....     100-00 

^^■l  Or:  Atoms. 

RBli  2       ....  94-4  ....  39M8  ....  407e 

ZireonU    3       ....  91-2  ....  38-14  ....  36-80 

Hyp.  anhydrouii  flnoric  idd S       ...  53-fi  ....  22-38  ....  22-44 

i       ~..       2391       ...       TOO^OO      Z       100-00 

k  Crystallized,  h.  j 

\_  K 39-2     ....       2--98  I 

^^  2Zr  44-8     ....       31-98  ^M 

^^fe  3F S6-1     ....       4004  ^H 

^^  KF,2ZrF 1401     ....     10000  ^^ 

VL                     ^^-                       Atoms,  Benrliuu] 

tWaih  „ 1       ....  4r-2  33-09  ....        .'J2-50    | 

Zirconia   ,. 2      ....  COS ^4ae4A  .».        45-82    I 

Hyp.  anhydrous  fluoric  iciil .1          .  ''  ??  ""  23-fi8    1 

I         ••        i  10000    1 
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Zirconium  and  Sodium. 

With  soda  and  carbonate  of  soda,  zircouia  behaves  precisely  in  tbo 
ae  niauuer  iis  with  potash. 

With  carbonate  of  soda,  borax,  and  microeoamic  salt,  before  the  blow- 
pipe, it  bohavea  like  yttria,  except  that  it  dissolves  more  slon'ly  iu  tho 
latter  salt,  and  more  qaickly  renders  it  turbid.  (Borzelius.) 


ZiRCOMCM    AND   CaLCICM. 

ZiBCONiA  wiTU  Li.ME. — Zirconia  ignited  with  limo  forms  a  green, 
slightly  coherent  mass.  (Morveau.) 

ZtRCONIOM   AND   AlIJMINUM. 

Zirconia  wirn  Alumina. — The  two  earths  may  be  fused  togother. 

Other  Compounds  op  Zirconium, 
With  iron  and  with  mercur]/. 


%  From  tho  experiments  of  Svanborg,  it  appears  that  zirconia  is  not 
•  Btmple  earth,  bat  a  mixture  of  three,  or  perhaps  even  a  greater  number 
of  metallic  oxides;  and  that  these  oxides  arc  present  in  different  propor- 
tions in  tbe  zircons  obtained  from  different  localities  (?.^.  Siberia,  Nor- 
way, and  Ceylon),  and  in  the  hyacinth  from  Expailly,  in  France.  The 
atomic  weightof  these  earths  (supposing  them  to  besesquiorides,  expressed 
by  tho  gencrnl  formuhi  IVO')  vary  between  75  and  105-B,  tlio  mean  of 
which,  9I*2,  is  the  atomic  weight  assigned  by  Berzelius  to  zirconia 
regarded  as  a  simple  earth. — No  method  of  completely  separating  these 
earths  has  yet  been  discovered;  but  it  has  been  found:  (1.)  Tliat  the  oxa- 
late of  one  of  them  is  less  soluble  in  acids  than  tho  oxalates  of  tho  rest. 
(2).  That  the  chloride  of  tho  radical  of  one  of  tlio  earths  is  less  easily 
soluble  in  livdrochloric  acid  than  the  corresponding  compounds  of  the 
other  radicals.  (3.)  That  the  sulphate  of  one  of  them,  when  mixe<l  with 
a  large  quantity  of  free  sulphuric  acid,  crystallizes  much  more  easily  than 
the  >-iilpli:ite8  of  the  rest,  and  likewise  in  a  peculiar  form.  To  tlio  ciirlh 
thus  di(*tiii4:uii<hcd  from  the  others  with  which  it  is  associated,  .Svanlwrg 
has  given  tlie  name  of  Soriu,  from  Nore,  tho  ancient  name  of  Norway, 
because  tho  largest  quantities  of  it  were  obtained  from  Norwegian  zircons. 
Its  radical  is  called  A'orium.  The  new  earth  is  likewise  found  in  zircons 
from  tho  llmengthirg.  (Pogg.  «.>,  317;  Ann.  Phnnii.  .'>6,  22-3.) 

Svunberg  has  likewise  discovered  lliat  Kudialyte  from  Greenland  con- 
tains— besides  cerium,  lanthanum,  uud  didymium — two  other  metallic 
oxideis  or  cjirths,  the  first  of  which  closely  resembles  jttria,  and  is  pro- 
bably therefore  a  scsquioxide.  The  other,  which  has  a  yellow  colnur,  is 
pri/.i'nt  in  very  small  quantity  only.     Svanberg  is,  however,  not  fully 

iiiced  of  the  separate  identity  of   these  earths:  indeed,  it  appears 

ly  posaiblo  to  arrive  at  any  definite  conclusion  on  the  t^iibjcct,  until 
jh  r  ■  is  known  of  the  nature  of  yttria  and  its  a.ssociated  earths.  {Pogg. 
ae,  .-JOli;  Ann.  P/iarm.  56,  225.)  IT 
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History.  At  a  veiy  early  period,  niineraU  of  the  siliceoas  class  vera 
specially  distinguiHbed  by  the  name  of  vitrefiable  minerals.  Pott,  in  17h 
pronounced  their  chief  constituent  to  be  a  peculiar  earth,  whose  separati 
existence  and  inconvertibility  into  lime  or  aiumina  were  established  priii 
cipally  by  Carthcuser,  Scbeele,  and  Dergman.  Smithson,  in  1811,  6r 
regarded  this  earth  as  a  weak  acid.  Schcele  discovered  hydro- fluosilicii 
acid,  and  Priestly  demonstrated  the  exiiitonce  of  Uie  gaseous  fluoride  o( 
eiliciuni.  This  latter  compound  was  more  accurately  investigated  by  Si] 
H.  Davy,  J.  Davy,  Gay-Lnssac  &.  Thenard,  and  especially  by  Bcrc'eliui 
In  1823,  Berzelius  discovered  the  mode  of  preparing  pure  silicium,  and  I 
vast  number  of  its  compounds  previously  unknown. 

Sources.     Silicium  is,  next  to  oxygen,  the  most  abundant  sub 
on  the  earth,  so  far  at  least  as  we  are  acquainted  with  it;  it  is  foand 
an  oxide,  sometimes  in  the  pure  state,  sometime:*  combined  with  othe 
metallic  oxides;  and  in  one  or  other  of  these  states,  it  enters  into  thd 
ctmstitution  of  the  greater  number  of  minerals.     It  occurs  in  small  qua 
titles  in  the  vegetable,  and  in   extremely  small  quantities  in  the  ani 
kingdom  (as  in  feathers,  &e.  vid.  fiesauez,  Ann.  Phann.  61,  46). 

Preparation. — 1.  Potassium  is  heated  in  gaseous  fluoride  of  siliciun 
and  the  resulting  brown  subiitance  is  washed,  first  with  cold  and  after^ 
wards  with  hot  water,  as  long  as  anything  continues  to  be  dissolreiL 
The  silicium  which  remains  undissolved,    and  contains  hydrogen    an^ 
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carbon,  is  Brst  heated  in  a  corered  cnjcilile,  at  least  half  filled  with  it,  for  a 
long  time  and  at  a  temperature  jnst  below  rednesa — whereby  the  hydrogen 
is  expelled  and  aet  on  fire :  afterwards,  the  cover  is  removed  from  the  cru- 
cible, and  the  heat  raised  to  bright  redness  iu  order  to  consume  the  car- 
bon. The  silica  formed  during  the  ignition  is  removed  by  means  of  dilute 
hydrofluoric  acid,  and  the  residue  washed  with  water  and  dried.  (Ber- 
lelius.) — 2.  Or  better:  finely  divided  fluoride  of  silicium  and  potassium, 
or  the  corresponding  salt  of  sodium — freed  from  all  traces  of  water  by 
heating  it  to  a  temperature  considerably  above  100° — is  arranged  in 
aitcmate  layers  with  potassium,  in  a  tube  of  glass  or  iron  closed  at  one 
end,  and  heated  over  the  flame  of  a  spirit-lamp.  10  parts  of  fluoride 
of  silicium  and  potassium  require  from  8  to  9  parts  of  potassium;  if 
too  much  jratassium  is  used,  eilicide  of  potassium  is  produced,  which 
dissolves  completely  in  water.  As  soon  as  the  potassium  is  fused,  it 
mixed  up  with  the  fluorine  compound  by  stirring  with  an  iron  wire, 

*  which  the  heat  is  increased.  Reduction  takes  place  before  the 
becomes  red-hot,  with  a  hissing  noiso  and  slight  appearance  of 
Barae.  The  brown  mass,  when  cool,  ia  repeatedly  exhausted  with  large 
qnantities  of  cold  water,  till  the  liquid  no  longer  exhibits  an  alkaline 
reaction.  The  silicide  of  potassium  produced,  gires  up  potash  to  the 
water,  and  liberates  hydrogen  gas,  while  silicium  containing  hydrogen 
is  deposited;  if  only  small  quantities  of  water  are  used,  a  concentrated 
solution  of  potash  is  formed,  which  oxidizes  and  dissolves  the  silicium. 
— The  ma«8  is  boiled  with  water  to  separate  the  undecomjtosed  fluoride  of 
■ilicinm  and  potassium;  and  the  silicium  is  washed  with  boiling  water, 
till  a  few  drops  evaporated  on  platinum  foil  no  longer  leave  any  trace  of 
re.sidue  (the  washing  occupies  several  days,  and  requires  a  large  quantity 
of  water),  and  the  silicium,  after  beintr  dried,  is  freed  as  iu  the  fii-st 
method,  from  hydrogen  and  silica.  (Berzclius.) — 3.  A  bulb  blown  in  the 
middle  of  a  gloss  tube  is  partially  filled  with  potassium,  and  on  this  a 
qnantity  of  chloride  of  silicium  is  dropped.  To  one  end  of  the  tube,  a 
retort  containing  chloride  of  silicium  is  then  attached,  and  healed  till  the 
liquid  boils;  at  the  same  time,  the  potasj-ium  is  exposed  to  the  flame  of  a 
small  spirit-lamp,  in  order  that  the  evaporation  of  the  chloride  of  silicium 
which  adheres  to  the  potassium,  may  expel  the  air  from  the  tube.  As 
soon  as  the  potassium  is  dry,  it  takes  fire  in  the  chloride  of  silicium 
Ya|>uur,  which  is  allowed  to  pass  over  it  freely.  Towards  the  close  of 
the  o(M:tration,  the  bulb  is  heated  to  redness.  As  soon  as  the  apparatus 
is  cold,  the  whole  of  the  chloride  of  silicium  vapour  is  expelled  from  the 
tube  by  a  current  of  dry  air,  and  the  chloride  of  potju'sium  dissolved 
out  from  the  mass  with  water,  leaving  the  silicium  behind.  (Berzclius, 
Lehrb.  1,  327.) 

The  earlier  experiments  of  Sir  H.  Davy  do  not  appear  to  have  yielded 
MTV  silicium.  Still  loss  tatisfactory  are  those  of  Clarke  and  Mnnicll. 
GUb.  62.  391 ;  iind  Ann   Phil.  II,  310  &  393.)     It  is  true  thut  silica  is 

ompooo'l  by  i;:nition  with  riot;)f=,«iiiim;  but  the  silicium  thus  obtained  i« 
inbiuod  with  jMitussium;  and  in  that  state,  the  greater  part  of  it  dissolves 
on  the  addition  of  water.  (Berzelius.) 

Proprrtien.     Park-brown  powder  (lighter  before  ignition),  destitute 
of  Inntre,  even  after  being    rubbed  with   the  buniishing-«teol;  l"^"''-    i 
powerful  stain  ;   adheres  tenaciously  to  the  surface  of  glass. 
tlir.n  oil  of  vilriol.     Infusible  before  the  blowpipe.     Does  not  conii..,,j^— 
cU-ctrieity  of  a  hydro-electric  circuit  (Berzeliua.)     This  property  ea^^^l 
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bowsTW,  be  regarded  as  positirclj  at  variance  witli  tbe  sopposed  metallic 
nature  uf  eiiicium;  for  tlus  element  has  hitherto  boon  obtained  onlj  'm  % 
state  of  minute  divi^iion.  Aluiuiuum  and  zirconium  are  likewise  nun- 
conductors;  and  60,  likewise,  according  to  Wohler,  \a  finely  dirided  iioii, 
tus  it  is  obtained  by  igniting  the  oxalate  of  the  protoxide,  or  by  mechanital 
anbdirision.  Neither  can  the  absence  of  metallic  lustre  (which  is  likewit* 
not  posseaaed  by  zirconium)  decide  the  question  whciber  siliciuui  it  • 
1  metal  or  not,  as  long  as  it  is  known  only  in  the  pulverulent  state.  Witk 
Liegard  to  the  chemical  relations  of  silicium,  its  rescmblauco  to  boron  mnct 
be  taken  into  account  on  the  one  hand,  and  its  resombhuice  to  the  eul^ 
metals  and  titanium  on  the  other. 

T  Berzelius  distinguishes  two  allotropic  conditions  of  siliciam,  whidk 
he  regards  as  the  cause  of  the  different  modifications  observed  in  itai 
pounds.     The  first,  .Vi  a,  is  formed  when  silica  is  reduced  by  pot 
it  burns  with  a  vivid  flame  w^hen  slightly  heated  in  the  air;   dete 
when  thrown  on  fused  nitre;  evolves  heat  and  volatilizes  when  tre*t( 
with  hydrofluoric  acid;  unites  with  sulphur  when  gently  heated  with 
the  resulting  compound  being  decomposed  by  water,  with  disengagement! 
hydroi>ulphuric  acid,  and  formation  of  silica  which  is  soluble  in    wa 
and  to  a  greater  extent  in  hydrf>chloric  acid.     The  second  nnxlificatiu^ 
Si  /3,  is  produced  by  exposing  Si  a  to  a  strong  red  heat  in  a  close  v« 
it  maj'  be  heated  to  whiteness  before  the  blowpipe  without  taking  &r 
hydrofluoric  acid  has  no  action  on  it,  and  it  cannot  be  made  U>  coiubio 
with  hulphur.    Hence,  Berzelius  concludes  that  the  radical  of  quartx,  roek^ 
crystal,  and  the  insoluble  forma  of  silica  artificially  prejiared,  is  Si  ff, 
peculiar  properties  of  which  arc  still  visible  in  its  compounds;  wber 
the  radical  of  the  sulphide  and  other  compounds  of  silicium  which  yiclJ 
the  soluble  modification  of  silicn,  is  Si  ».     The  existence  of  two  or  moll 
allotropic  states  of  an  element,  with  corresponding  luodifications  in 
properties  of  the  compounds,  is  likewise  observed  in  several  other  elemc 
ury  bodies,  viz.,   phosphorus,   arsenic,    tellurium,    chroiniuni,   titaniau 
nrauium,  and  manganese.  {^Ann.  Pkarvi.  4U,  347.)   H 


Compovndt  of  Silicium. 
Silicium  and  Oxygen. 


Silica,  Silicic  Acid.    SiO'*. 

Oxide  ofSilicimn,  Vitreotu  Earth,  Kieselerdt,  Silice. — Found perfectljf 
or  nearly  pure,  in  Beryl,  Quartz,  Flint,  Chalcedony,  Homstone,  Ja«parJ 
Opal,  ttc. 
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*  If  silica  be  regarded  u  SiO,  the  atomic  weight  of  liliciom  will  be  —  7-5,  atul 
that  of  silica  =  15'5;  if  the  formula  of  Berzelius,  SiO^,  be  iulo|)ted,  the  combiniog 
ber  of  tlie  metal  will  be  22'5,  and  that  of  the  earth  ^6■h.  The  theory  nhich 
(nil's  as  SiO-,  baa  been  adopted  by  Gaudin  \AnH.  C'/iim.  Phya.  hi,  125).  and 
espeditllj  by  Kuhn  {SlOc/iiomelrie,  111).  It  is  reromnieiided— os  ihc  following 
will  prove — by  the  much  greater  siniplioity  of  the  formulie,  which  it  yields  for  ibc  com- 
poandl  of  silicium,  buth  itutuml  and  ariificial.  For  the  cnlculatious  of  the  latccr.  ibc 
carefiil  collection  of  minerul  analyses  in  Rammelsberg's  Wdrterbvek  Jn  ekrmurhrm 
TMU  in-  Mineralogie  (Dictionary  qf  the  Chtmieal  part  of  Mintralogy)  li*l  bcro  of 
great  service.  _ 

% — Paul  Einbrodt,  in    a  paper  on  tlie  atomic  ^^tK/^Uwum   (A 
!>i,  332),  conclude*  that  the  formaU  for  silicic  il^^^^^Bi  SiO* : 
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Formation.,  Silicium  which  hoa  been  freed  from  hydrogen,  and 
rendered  coherent  \>y  gradual  exposure  to  a  white  heat,  does  not  take 
fire  at  a  red  heal,  eilht-r  iu  the  air  or  in  oxygen  gaa;  iireviously  to 
this,  it  is  inflamiiiuble.  It  cx|iloile8  with  liydrate  of  )>ota.sh  or  soda 
irhcii  heatoij  to  lliu  melting-point  of  the  alkali,  the  eonihi nation  Iwing 
alU-iidcd  with  vivid  incaiide<iconce,  and  evolution  of  hydrogtu  gaa  which 
iiuuit'ili.'itoly  takes  iirt:<;  it  likewise  exhibits  ignition  with  hydrate  of 
l>ar\'ta;  with  hydrate  of  lime  the  ignition  is  but  faint.  It  oxidixca 
with  vivid  incandcsMuce,  when  heated  with  carbonate  of  pota«h  nr 
eoda.  tiiu  mass  Dwelling  up,  giving  oil'  carbonic  oxido  gaa,  and  turning 
Idack  from  scjiaratiun  of  carbon.  The  larger  the  excosa  of  silicium, 
the  more  ea.sily  is  the  decomposition  efl'ected  (even  below  redness  i;  the 

loro  vivid,  aldo,  is  the  incaudcsceuco,  and  the  irrenter  the  amount  of 
bou  Separated.     If  the  alkaline  carbonate  predominates,  no  flame  ia 

isible,  and  no  carbon  is  Bet  free,  carbonic  oxide  alone  being  evolved. 


the  dcn«ily  of  the  vapour  of  the  chloride  ind  fluoride  of  lUiciom;  and  2adly,  from  the 
bchavinur  of  cjiuutx  Hilh  alkaUne  curt>unates. 

I.  The  calculatu-d  ilentitios  ofcliloride  and  fluorido  orgilicium,  aeoording  lotlie  two 
formulc,  and  the  deiiaitiu  of  Uie  «&me  coniptiuodt,  a<  found  bjr  Uumiu,  are  as  foUowa  : — 

8iCl» 4-44  SiP«..„ ^^ 8-710 

8iCI» 5-933  SiP 8-617 

Bi/ etperimuai 5-939  By  ej.yerimt»t 3-60 

Moreover,  irntead  of  7  votumea  being  irmdenaed  inio  3  vnlumea,  the  aeixind  calcubtion 
itqniRS  5  volume*  to  be  condensed  into  2;  or  3  volume*  iuto  2,  if  the  coinbinini;  voliuua 
of  oiilnrine  lie  token  a*  1,  the  liy|H>thelicaJ  uHinihluing  volume  of  *ihi«  being  ). 

'i.  When  finely  divided  (juarti  i<  fuicd  with  oxecsi  of  carbonate  of  poloh,  the  evo- 
Itttina  of  rarlKiiiic  ac-id  ceo&e*  a*  9ih)u  as  h  *ilit:ate  i«  formed,  in  wliieh  lite  proportion  of 
Oxjr^'i'U  in  the  base  i*  to  that  of  llie  acid  as  1  :  2.  Ueuce,  according  to  the  tonnul*  SiCP, 
one  atom  of  iiliea  rt]>rls  one  nloin  of  carbonic  acid;  wherea«,  according  to  the  loiniula 
SiO",  the  Bilica  must  cxiiel  I  i  atoriij  of  carbonic  add ;  or  2  atomn  of  a  neutnil  tilinitc 
fbnn  a  buii'  salt,  niid  impel  an  aildilinnal  atom  of  esrbunie  acid  at  the  expeniw  of  an 
additional  alum  of  the  alkulme  carbonate,  wliicb  is  decomposed,  and  the  caibonic  avid 
etprllfMl. 

Kopp,  on  the  contrary,  prefers  the  formola  SiO*  for  dlira,  and  tlie  corresponding 
formulie  SiL'P  and  Sillr*  for  tlie  ddnride  and  biomidc  of  tilicium,  on  the  ground 
niat  the  two  Utter  com]>aund9  exhihil  Just  «uuh  a  difference  in  their  boiling  points,  as 
•bould  r<^iill  from  the  substitution  of  3  atoms  ol  bromine  for  3  atoms  of  chlorine.  For, 
by  compnrit)!;  various  compounds  of  bromine  and  chlorine,  it  is  found  that  for  every 
at'  uiine  subetilulcd  for  chlorine,  the  boiling  point  rises  32°  C,  so  tliat  the 

hi  nfbromofonn,  C-iibr^,  being,  according  to  C'ahours,  152°,  that  of  ckloro- 

Il.i,i.  ;■■■  •■,..■  i.c  50°,  or  90°  lower.  Now.  the  iHiiling  [Hjint  of  chhirofurm  m  contact  with 
water,  nbsrrved  by  Liebig,  b  57°.  Again,  PCI'  boils,  according  to  Dumas,  I'leric,  and 
Andrrwi,  al  7'<°;  I'lV,  according  to  I'lcrro,  at  175'' — the  cah-ulatrd  tempeinturr  being 
174°  (=  78"  +  9(i°).  Now,  Pierre  finds  that  the  boiling  point  of  chloride  of  sihcinm  is 
W.tnA  that  of  the  lirmtiidc  150°, — a  diJTerence  of  9t°.  Hence  it  may  be  inferred  that 
ia  bniniiit^i  of  silicium,  3  atoms  of  chlorine  are  replaced  by  3  atoms  of  chlorine,  and, 
therrforr.  that  the  formulie  of  thes**  com}Ktunds  are  SiUH  and  8iC'P.  and  the  correspond- 
li.  '      .f  sllidc  uirid.  SifV.     The  boiling  points  of  chloride  and  liromidc  of  silicium 

»>  V  ScTulUa— though  le«»  accurate  than  those  obtained  by  Pierre — likewise 

Hive  view.  Ilie  decrees  being  res|iecti»ely  50"  and  148°. ..150°,  a  ditrLrciic« 

'Kopp,  Ahm.  Phnrm.  07,  356  ) 
Inn.  I'hnrm.  09,  /3|  luu>  shown  tliat  by  the  astion  of  hydrosniphurie  acid 
n  f  silicium  at  a  high  lempeialure,  the  couipuuiids  fciM'l-.  Sl.V^Cl,  and  Sib* 

i>  I.  and  as  the  formation  of  fhfsesulinlllutlon  proiliirli-  (?  en^ilv  eyjibiined  im 

ri  thni  chloride  iif  silicium  t*  .SiC'l',  whirras  il 
f  the  fonnuta  .'>iO  or  MC  is  nilopled.  be  '" 

iiit'iitly  that  silicic  aciil  \*  Si(H.      tl  tin.*  nc  aontnini,  mo'  muuu«_ 
d  fium  Pierre's  eiperuiicnts  it  21-34.  \ 
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With  nitre,  siliciain  isoiiJiied  ooljftt  a  ttnag  red  l»*st,  »n<i  ihf^  itnlt 
vritli   violence.     If  sUicium  is  fa:^eJ  witli  nitre,  au>i  •■ 

MlJed,  an  explosion  follnw-s,  and  a  black  mass   is   : 
dually  l>ef<>ii)cs  white  in  tbo  fire.     Chlorate  of  potAiib   tin 
niliciuiii   does  not  oxidize  it.     A   luixturo  of  a<jut.<uu3   h .  < 

nitric  acids  diBsolvcs  silicium  rapidly,  w^ith  violent  evofution  of  nitdl 
oxide.  Borax  iu  a  titatc  of  fusion,  water,  «ulpharic  acid,  Ly<ln'clilafl 
acid,  hydrofluoric  acid,  nitric  acid,  aaua-rej^ia,  and  aqueous  eolutkia  I 
potash,  do  not  oxidize  gilicium  after  it  baa  been  ignited.  Before  iguitlol 
ou  the  contrary,  it  is  dissolved  by  a  concentrated  solution  of  potash  aM 
by  aqueous  hydrofluoric  acid.  (Berzelius.)  _ 

Preparation.  1.  A  siliceous  mineral,  as  quartz  or  flint,  ia  reduced  fl 
powder,  and  fused  with  three  times  its  weight  of  carbonate  of  pota^hj  tfl 
fugc<l  mass  treated  with  dilute  hydrochloric  acid;  the  solution  evaparifl 
to  dryness;  the  residue  boiled  with  water  containing  hydrocblorio^^H 
thi'D  washed  with  pure  water;  and  the  insoluble  residue  i^ited.  if^l 
precipitates  the  silica  from  the  alkuline  solution  by  adding  sal-amnMBH 
and  washes  it  thoroughly  with  hydrochloric  ucid,  and  then  with  waMR 
— 2.  Gaseous  fluoride  of  siliciutn  is  passed  into  TS"dtor,aud  the  precipiUtcd 
silica  thoroughly  purified  and  ignited.  ■ 

Proprriies.  a.  CryttalUzfd  Silica. — To  this  varielj'  belong  rvol^^H 
tal,  quartz,  amethyst,  cach«doug,  iron-fliut,  jasper,  siliceous  slate, ^^^| 
Stone  (the  latter  of  which  also  conbiin  scsqiiioxide  of  iron,  alumina,  linS 
magnesia,  and  soda,  probably  in  the  form  of  siliceous  silts).  Chulcedoifl 
and  flint  consist,  according  to  Fuchs  {Pogy.  31,  J77),  of  amixturo  of  cnfl 
tallized  and  amorphous  siUca;  when  treated  with  solution  of  potaoh,  wbtfl 
dissolves  out  the  amorphous  silica,  they  become  ojiaque  and  similar  fl 
cacholong.  Crystallized  silica  belongs  to  the  rhombohodrul  svstom  fl 
crystallization;  the  primary  form  being  an  obtuse  rhomb.  Fig.  141;  afl 
Ftg.  131,  137,  138,  and  other  forms,  r'  :  r» or  r> (/'i'.;.  141)=  A5''3fl 
r» ':  r»  =  94=  24';  i^  :  r  or  i'  :  »•»  (Fiy.  131)  =  133^  48';  r  :  e-  {Fig.  iSfl 
^  141°  40';  and  so  on.  Cleavage  indistinct,  j)amllel  to  the  r-«arfiMl 
(^r(/.  141).  (Hauy.)  Very  hard,  but  softer  th:in  diamond,  sapphire,  ■ 
topaz.  Specific  gravity  of  rock-crystal  =  2'fl52  at  4",  in  vacuo.  (H 
Royor  &,  Dumas.)  fl 

[Ou  the  pretended  formation  of  qnartz  crystals  in  Carrara  marble  frol 
aeelatinous  solution,  sec  Ri]>etti  {Schio.  53,  109).]  Bergm.auu  obserrfl 
cubical  crystals  (rhombohcdrons  ?)  deposited  from  au  aqueous  solution  I 
hydrofluate  of  silica  containing  excess  of  acid  after  the  lapse  of  two  yens 
but  tlicv  were  less  hard  than  quartz.  Sicgling  obtaiucd  from  a  solutifl 
of  j-ilica  exposed  to  the  air  for  eight  years,  four-sided  pyramids  whifl 
emitted  sparks  with  stool,  and  wore  not  attacked  by  a4.Mds.  Whollll 
these  crystals  were  really  pure  silica,  has  not  been  detenuinod.  Whfl 
irou  «TueUing-furnace8  are  opened,  there  is  often  found  at  the  bottuiqV 
white  sulistjiiice.  which  Vanqueliu  has  found  to  consist  of  silica,  probalfl 
formed  by  the  coDiliuslion  of  rcdiiccil  silicium.  It  is  commonly  of  a  vafl 
flno  librous  texture  (jwrfly  concentric,  partly  arranged  in  tufts),  lon^ 
friable,  and  of  a  silky  lustre;  sometimes  of  a  spherical  copforniatioM 
rarely  earthy.  (  Vid.  Grignon,  Memoiret  de  Physiqw;  Vnurjuelin^^^l 
Ckim.  73,  102;  and  Ann.  Chim.  Phj/s.  31,  332 1  Koch,  iiber  K rj/ttalt^^^ 
Hiittenproductf,  Gblthi^.  1822.)     A  simihir  '''  '  ty  of  sillo^^l 

been  diiicovcrod  by  licrr  Karl  Stumm,  accr.  lallic  tita^^H 
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in  the  Iron-furnaces  of  Fisclibach  at  Saarbridirc,  and  presented  by  him  to 
ibe  author;  it  dissolved  readily  in  a  hot  eolation  of  potash,  leaving  only 
m  slight  turbidity. 

U  Dovori  (.l7in.  C/iim.  Pkyt.  3,  21,  40)  prepares  crystallized  silica  by 
precipitating  chloride  of  copper  with  silicate  of  potash;  then  filtering,  wash- 
Jng  the  prcoipitiitc  with  water,  and  dissolving  it  in  hydrociiloric  acid.  From 
tko  solution  he  tlirows  down  the  copper  by  means  of  hydrosulphuric  acid, 
and  evaporates  the  filtered  solution  of  silica  in  hydrochloric  acid,  in  vacuo 
«vor  caostio  lime.  By  tliis  means,  hydratcd  crystals  of  silica  are  obtained 
in  the  form  of  white,  trans{>arcut  needles,  of  great  lustre,  mixed,  however, 
■with  amorphous  hydrate  of  silica.  The  needles  retain  their  form,  even 
nrLon  perfectly  dehydrated.  ^ 

b.  Amorphous  ,Siliea. — Found  native  in  tho  form  of  Opal,  frequently 
accompanied  by  small  quantities  of  potash,  soda,  lime,  magnesia,  alumina, 
iMid  ^ceqiiioxide  of  irou,  together  with  between  3  and  10  per  cent,  of  water. 
Hyalite  is  pure  silica,  with  633  per  cent,  of  water.  Ojml  was  formerly 
njgarded  as  a  hydrsite  of  silica;  but  the  water  appears  to  bo  only  meclian- 
icaUv  combined  with  it;  for  iu  quantity  is  too  small  for  the  formula 
SiO,  HO,  or  even  for  2SiO',  HO,  and  varies  greatly  in  diU'erent 
kinils  of  opal  ;  moreover,  ignited  opal  presents  the  same  appearance, 
and  ha«  nearly  the  same  degree  of  solubility  in  caustic  potash  as  that 
which  has  not  been  ignited.  Many  varieties  of  opal  likewise  contain 
crysUillizcd  silica  mechiinically  mixed;  and  when  the  amorphous  silica  in 
dissolved,  the  crystallized  portion  remains  as  a  skeleton  in  the  original 
form  of  the  opal.  (Fuchs.)  Opal  is  semi-transpareut  or  i)ellncid;  refracts 
li^'ht  singly;  has  a  s[>ctific  gravity  of  only  2'0l),  on  account  of  its  porosity; 
and  is  much  sofior  than  ijuartz.     ArtificiiUly  prepared  silica  is  also  amor- 

Ehoiu  after  ignition.  (Fuchs.)  It  is  a  white,  tasteless  powder,  rough 
etween  the  fingers,  ami  does  not  adhere  to  the  tongue;  according  to 
Kirwan,  its  sjiecific  gravity  is  20G.  Amorphous  silica  is  chemically  dis- 
tinguiohod  from  the  crysftilline  variety  by  its  property  of  combining  more 
roodilv  with  the  fixed  alkalis  in  the  wet  way.  (Fuchs.)  [Vid.  Silicate  of 
PoloMi,  S<«la,  Hint  Lime.'\ 

Silica,  whether  natural  or  artificial,  crystallized  or  amorphous,  fuses 
in  the  flame  of  a  spirit-lamp  fed  with  oxygen  gas,  or  in  the  oxy-hydrogen 
blowpipe  flame,  and  forms  a  clear  bead.  (Marcct,  Stroraeyer,  Clarke.)  Sir 
B.  Davy  fused  it  in  the  circuit  of  a  powerful  voltaic  pile.  Silica  iu  a  state 
of  fn«iou  may  bo  drawn  out  in  long  threads  like  glass.  Fused  rock 
crystal  dropped  into  water,  solidifies  to  a  transparent  mass,  free  from 
flaws,  and  remarkably  hard  and  tough,  so  that  it  sustains  the  blow  of  a 
liummcr  without  breaking;  showing  that  it  h:u  become  hardened  just  as 
ateel  is  hardened  by  sudden  cooling,  (Gaudin,  .A  Phami.  25,31)2;  also 
Ann.  I'hann.  31,  351.)  JcUreys  (iV.  Bill.  Univ.  20,  417;  also  Ann. 
PImi-tii.  30,  255)  p:uKse<l  steam  into  a  largo  furnace  containing  earthenware 
he:iled  to  a  tempi.Taturc  above  tho  melting  jK)iut  of  cast  iron.  By  this 
meant,  more  than  200  pounds  of  the  silica  was  volatilized  with  tlie  steam, 
•ome  poundi)  of  it  being  deposited  in  tho  form  of  snow,  at  the  spot  wUero 
tho  «team  entered.  This  behaviour  of  silica  (if  confirmed)  is  similar  to 
that  of  boracic  acid,  which,  though  not  volatile  by  itself,  volatilizes  with 
the  vu{H)ur  of  w.itcT,  alcohol,  kc.  Silica  in  all  it4  forms  is  ta6teloi», 
inodorouH,  and  da-^titutc  of  action  on  vi'gotable  colours. 

bcfori'  the  blowjiijie,  silica  expcU  the  carbonic  acid  from  carbonate  of 
mda,  with  efTcrvesceuce,  yielding  a  tmueparcnt  ghwii;  iu  microconmic  nail 
^B  u  almosl  wholly  insoluble.  A 
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DiTompotition. — Dy  potassium  at  a  white  lipnt,  into  silicate  of  j 
luid  fiilicido  of  j»ota.s»ium ;   by  carbon,  in  presence  of  iron,   oopp 
silver,  at  a  wtiito  lifal,  into  carbimio  oxide  anil  siliciile  of  iron, 
.«!lver;    by  liydrotliioric   a<.-id,   into   fliiuride   of  (>ili(-ium  und 
LuWHvor,  by  any  otUer  hydrogen  avid,  nor  by  aalpUide  of  carbon  otl 
rod  boat. 

Combinationi. — ■.  With  Water. 

a.  HrnHATE  OF  Silica. — Formwl  when  an  a«)ueoaa  eolation  of  cilif 
of  poliish  is  precipitated  by  an  acid,  by  sal-ammoniac,  or  by  a  ii- 
such  as  tiulphiitc  of  cupper  (in  the  latter  case,  a  mixture  ol  i 
silica  an<l  a  metallic  silicate  is  formed;  and  on  removing  the  latter 
nic<aii8  of  dilute  hydrochloric  acid,  the  hydrate  of  silica  remains  andl 
solved:  Dovrri);  or  when  the  silica  held  in  solution  by  -.m  aijueous  wdl 
is  procij>itatod   by  a  soluble  alkali  or  alkaline  carbonate ;  or    wLl-d  i 
solution  of  Hilica  m  hydrochloric  or  nitric  acid  is  partially  evaporuted ; 
when  iluoridu  of  slliciuni   is  deconii«)scil  by  water.     After   w.ishing 
gelatinous  precipilato  with  hydrochloric  acid  and  then  with  water, 
liydrato  is  obtained  in  a  state  uf  purity.     When  newly  formed, , 
long  as  it  continues  saturated  with  the  aqueous  solution,  it  presca 
appearance  of  a  tenacious,  pellucid  jelly  {A'usel-;iallerte),  or  of  jrclal 
flakes ;  but  when  dried  in  the  air,  even  at  ordinary  temperature*,  it 
only  loses  the  water  which  adheres  to  it,  but  also  that  which  ig  cheinic 
combined  with   it,  and   is  converted  into  a  white  powder,  consisting 
niiliydrous  silica.     II  Doveri  states,  that  when  dried  in  tlie  air  at  o|il 
nary  temperatures,  it  retains  between   I6°9  and  17B  per  cent,  of  WT»t« 
corresponding  to  the  formula  SiO',  HO;  but  when  dried  at  100'',  it  to 
water,  and  the  remaining  hydrate  has  the  formula  2!siO',  HO.  H 

p.  Solution  of  Silica. — Many  springs  contain  silica  in  R<dution.  At 
drolls  silica  is  wholly  insoluble  in  water.  According  to  Kirwan.  hyj 
of  silica  dissolves  in  1000  parts  of  water,  and  with  peculiar  facility  T 
in  the  nascent  state.  The  gelatinous  silica  obtained  in  the  deed 
sition  of  fluoride  of  silicium  by  water,  dissolves  in  a  considerable  qii 
tity  of  water,  forming  a  tasteless  solution  which  does  not  reildcn  litmn^ 
ami,  on  eva}»oration,  deposits  the  silica  in  the  form  of  a  white,  noi 
erystallioo  powder.  Silica  thus  prepared  is  in  a  peculiar  state,  for  ! 
dissolves  again  in  water.  If  sulphuric  or  hydrochloric  acid  is  added  ( 
the  solution  before  evapor:ition,  the  silica  which  remains  is  insolubl 
(Berzelius,  Lfhrb.  2,  122.)  By  allowing  crystallized  boracic  acid  i 
absorb  gaseous  fluoride  of  silicium,  and  then  separating  the  hydrotlnor 
and  boracic  acids  by  digestion  with  a  large  excess  of  amniouia,  a  hydrui 
of  silica  remains,  which,  after  being  thoroughly  pnrificNl  from  the  aUjv 
Bcids;  is  very  soluble  in  water.     Tbo  u<)ueous  solution  dove  not  act 
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veeetoblo  colonra,  and  give*  no  ]>rocipitato  when  boiled;  on  evaporating 
to  ilryncs^,  however,  the  silicii  remains  as  an  insoluble  powder.  (Borzo- 
liuH,  Ann.  C'him.  fhyt.  H,  306.) 

6.  With  Acids,  yielding  the  Salts  of  Silica.  Of  all  the  oxides  of 
the  li^ht  metals,  silica  exIiDiita  the  feeblest  basic  properties;  in  the 
tinliyJruus  state,  it  is  insoluble  in  all  hydrated  ocidx,  excepting  bydro- 
tluuric  acid.  Sulphuric,  nitric,  and  hy<lrochloric  acid,  for  example,  do  not 
dissolve  it;  the  same  acids  dissolve  tlio  gelatinous  variety,  but  very  slowly 
and  in  small  quantity  only.  They  dissolve  the  largest  (juantity  when 
a  oomptjuud  of  silica  with  a  fixed  alkali,  in  which  the  latter  predo- 
minates, is  mixed  with  an  excess  of  the  acid  in  a  state  of  great  dilution — 
eo  tlmt  iho  earth,  at  the  moment  of  its  separation  from  the  alkali,  meets 
with  a  sufficient  quantity  of  acid  ami  water  to  dissolve  it.  The  clear 
liquid,  however,  always  contains  several  utom-i  of  acid  to  one  of  the 
earth,  and  the  tuixA  is  never  neutralized.  From  the  solution,  ammonia 
and  its  carbonate,  and  likewise  potash  or  soda,  preci]>italcs  a  portion  of 
tii<'  silica  in  the  gelatiuous  state.  Carbonate  of  lime  precipitates  the 
'  ""ic4i,  chiefly  when  the  solution  is  warm  and  not  too  dilute;  the  gela- 
ons  lumps  which  separate  are  insoluble  in  acids.  If,  however,  the 
Kolution  likewise  contains  another  base  which  is  precipitable  by  ciirbonate 
of  lime,  such  us  alumina  or  se-squioxide  of  iron,  the  carbonate  of  liuio 
throws  down  a  compound  of  the  ba.se  with  the  silica,  which  compound  is 
again  [>erfectly  dissolved  by  hydrochloric  acid,  and  yields  a  gelatinous 
precipitate  on  evaporation.  (Von  Kobell,  Schte.  60,  21)7.)  When  a  solu- 
tiim  of  silica  in  any  volatile  acid  (excepting  hydroflaoric  ooid)  is  uvupo- 
ratod,  the  acid  and  water  go  off  together,  leaving  hydrate  of  silica  in  the 
form  of  u  jelly  at  first;  but  after  evaporation  to  dryness,  the  roAiduo 
consi.sts  of  pure  silica,  which,  when  perfectly  dry,  is  insoluble  both  in 
water  and  in  acids. 

r.  With  strong  Salifiable  Bases,  forming  salts  called  Silicatks,  inas- 
much as  the  silica  in  these  compounds  })lays  the  part  of  a  weak  acid. 
Silica  di<comj>o»e8  the  alkaline  carbonates  at  a  low  red  heat;  and  at  very 
high  t«m|)craturca,  even  the  sulphates  are  decomposed  by  it.  A  vast 
nnmln-r  of  silicates  are  found  in  nature,  constituting  in  fact  the  greater 
jKirt  of  the  niineml  kingdom.  Many  of  these  compounds  may  be  obtained 
artificially,  by  fusing  together  their  comfMnent  parts,  and  in  the  samo 
ervstullinr  form  as  that  which  thoy  exhibit  in  their  native  state. 
(MiLMrherlieh  ;  Berthier,  Ann.  C/iiiii.  thtii.  24,  3.;j.)  Many  other 
silicates  are  exclusively  artificial  products,  and  arc,  for  the  nioft  \t&ti, 
obtained  by  fusing  their  ingredients  together.  The  simple  salts  of  silicic 
acid  generally  soli<lily  in  the  cryelalline  form  on  cooling;  silicate  of 
lead,  however,  is  an  exception.  The  double  salts,  on  the  coutmry, 
liocomc  viscid  when  fused,  and  yiehi  a  glass.  Silicic  acid  combines  with 
l>a>.<'->  in  an  unui«ually  great  variety  of  proportions;  the  most  common  aro 
tbo  following:  I  At.  base  to  ^,  1,2,  .3,  and  4  At.  acid.  It  forms  uumeroua 
duubltr  ttultff,  the  most  abundant  of  which  are  compounds  of  Kilicato  of  alu- 
mina tvith  another  salt  of  silicic  acid  (felspar).  There  are  also  a  great 
nuinlxT  of  hydnited  silicates,  both  simple  and  compound.  The  difloreut 
kiii'l-  of  zeolite  Consist  of  hyilrate<l  combinations  of  silicate  of  nJumioa, 
Willi  Miiiiihor  Milietite  of  the  jH>ta.ib  or  in!iguc«ia  class. 

aro  more  easily  decomposed  by  ncidj>,  as  the  hydi 
~  !io  boM — the  toM  the  dilica  prcdoiuinatos  in  the  C" 
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— and  tlie  larger  tLo  proportion  of  water  present ;  bence  many  mine 
containing  water — xeolite  for  example — lose  their  solubilitv  in  hjd: 
chloric  acid  after  ignition.  The  hydrochloric  acid  either  ilissolvcii  I 
baae,  and  separates  the  silica  in  a  pulverulent  or  gelatinous  form,  accop 
ing  to  the  nature  of  the  compound;  or  it  likewise  dissolves  the  sili 
cither  wholly  or  in  part,  esj>ecinlly  when  a  large  quantity  «f  water 

S resent,  and  in  that  cose  j'ields  a  jelly  on  evaporation.  Sulphnric  ac 
iluted  with  ii  t^mall  quantity  of  water,  decomposes,  after  long  digestie 
nearly  all  the  salts  of  silicic  acid,  when  reduced  to  powder.  All  i" 
cates  without  exception  become  soluble  in  dilute  hydrochloric  or  nil 
acid,  after  fusion  with  from  3  to  .5  times  their  weight  of  hydrate 
pot.ish  or  soda,  carbonate  of  potash  or  soda,  or  of  baryta,  atronti."*,  lit 
or  oxide  of  lead.  They  are  comjdotely  di.^integrated;  and  tlio  sohitii 
yields,  on  evaporation,  first  a  jelly  and  then  a  dry  residue,  of  which  ' 
part  which  is  insoluble  in  hot  liyilrochloric  jioid,  oxhibita  the  charac 
of  silica.  Andalusite,  Cyanite,  Staundito,  and  Zircon,  i:equire  a  full  whil 
heat,  to  disintegrate  them  perfectly  with  an  alkaline  carbonate,  and 
more  readily  acted  on  by  hydrate  of  potash.  From  the  native  silicai 
whether  simple  or  double,  which  contain  potash,  soda,  or  lithia,  Ii 
separates  tho  more  soluble  alkali,  by  the  so-called  fluid  cemenlati 
(Fuchs.)  The  silicates  are  sometimes  ignited,  after  being  mixed  m 
lime,  and  then  treated  witli  water;  but  in  many  cases,  as  with  Nephclii 
Leueite,  Natrolite,  Annlcinic,  and  Chabasile,  it  is  sufficient  to  igni| 
them  by  themselves,  and  afterwards  boil  them  in  a  finely  divided  «fi 
■with  mdk  of  lime,  or  to  digest  them  with  it  for  a  longer  time  in  the  col 
Clays  treated  in  this  manner  likewise  give  up  to  water  tho  small  pi 
portion  of  potash  or  soda  which  they  contain ;  and  if  they  happen  to 
rich  in  carbonate  of  lime,  they  merely  require  to  bo  digested  in  wai 
after  ignition.  Volcanic  rocks,  such  as  phonolitic  lava,  give  up  thi 
potash  or  soda,  by  digestion  with  milk  of  lime,  even  without  preri 
ignition.  (Zicrl.  J.  Tec/iii.  Cluvi.  10,  2.S0.) 

Pulverized  silicates  heated  m  a  plntinum  vessel  with  fluor-spar  frw 
from  silica  and  oil  of  vitriol,  evolve  gaseous  fluoride  of  siliciani,  which, 
when  the  vessel  is  covered  with  moistened  felt,  deposits  \\\>t<x\  it  whito 
flakes  of  hydrate  of  silica. — The  same  gas  is  evolved,  with  heat  and 
efl'orvescence,  ivlien  a  powdered  silicate  is  immersed  in  a  strong  soJ 
tion  of  hydrofluoric  acid.  The  residue  evaporated  to  dryness  wil 
sulphuric  acid  loaves  tho  base  of  the  silicate  in  combination  with 
sulphuric  acid. — Microcosmic  salt  in  tho  blowpipe-flame  withdraws  tl 
bn-se  from  tho  silicates,  and  sets  the  silicic  acid  free.  The  product  is 
a  translucent,  blistered  mass.  {Kieiehkelett.)  —  When  a  small  quantity 
only  of  the  microcosmic  salt  is  used,  the  fused  mass  difi"uso8  itself 
through  the  siliceous  cm-'t;  when  the  quantity  of  flux  is  larger,  tho 
silica  floats  in  the  fused  bend.  When  only  a  small  quantity  of  silica  is 
present,  tho  glass  ii*  clear  while  fused,  but  becomes  turbid  on  coolio] 
with  still  less  silica,  however,  it  remains  tran.«parent.  (Berzeliu.*.) — Sil 
cates  heated  with  carbonate  of  soda  before  tho  blowpijM",  expel  the  carbfl? 
nic  acid  with  eft'crvescence.  The  silicates  of  the  more  soluble  alkalis  and 
of  most  of  the  oxides  of  the  heary  metals,  yield  a  tmnsparent  glajis;  thoM 
of  the  earthy  alkalis  and  of  the  earths,  yield,  sometimes  a  clear  and  soma 
times  a  turbid  glass,  according  to  the  jiroportions  of  silica  and  of  acid.  ■ 
the  silicic  acid  contains  at  least  twice  as  much  oxygen  as  the  e:irth,  thI 
latter  is  di-'solved  in  the  ghiss  by  the  agency  of  the  silicic  acid,  and  tM 
gJ:i£8  remaias  clear.     If  tUe  coTny>ov\uii  comVjLW  Vets  eilica,  it  yields  a  ojflu 
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glass  with  a  conijiarativcly  smaJl  proportion  of  carbonate  of  soda;  but 
■with  a  larger  proportion,  it  forms  :i  turbid  ginss;  and  with  a  still  larger 
•juatitity,  an  infusible  sla/jr:  fur,  tlie  greater  the  amount  of  soda,  the  greater 
also  is  the  ^unntitv  of  the  earthy  base  wliich  in  separated  by  its  action 
from  the  silicic  acfd.  (Bcrr-clius.)— All  the  salts  of  silicic  acid  arc  ineolu- 
Ido  in  wat«r,  excepting  the  silicates  of  potaefa,  soda  (and  lithia  7). 


ft 


SlLICirM   AND   HTDnOOKN. 

Htdbide  of  SiLicrcM. — Fluoride  of  siliciuni  is  decomposed  by  potas- 
nm,  and  the  brown  mass  washed  with  waterj  a  portion  of  the  hydrogen 
K  free  in  the  decomposition  of  water  by  the  excess  of  potas.iiiini  com- 
iincs  with  the  silicium,  forming  hydride  of  eilicium;  and  by  treating  this 
mass  with  a  cold  aqueous  solution  of  hydrofluoric  acid,  the  cotnjwmnd  is 
obtained  free  from  silica.  This  substance  burns  with  great  splendour 
when  quickly  heated  to  redness  in  the  air.  In  oxygen  gas,  the  comlms- 
tiou  id  still  more  brilliant.  Only  a  third  part  of  the  siliciuni  bums  in  the 
air,  and  three-fourths  in  oxygen  gas,  because  the  rert  becomes  surrounded 
with  the  silica  which  is  produced.  During  the  combustion,  w.ator  is  inva- 
riably formed,  even  after  the  silicinm  has  been  dried  in  vacuo  at  a  tem- 
perature approaching  redness.  Hydride  of  silicium  heated  in  a  covered 
erocible,  emits  a  feeble  flame  when  the  cover  is  taken  ofl'.  A  hot  solution 
of  liydroflnoric  acid  or  of  potash  dissolves  a  small  quantity  of  silica,  with 
«rolution  of  hydrogen  gas.  When  the  compound  is  very  slowly  heatc<l 
to  incipient  redness  in  an  open  crucible,  and  then  to  whiteness  in  a 
covered  crucible,  the  hydrogen  is  expelled,  and  a  residue  of  pure  eilicium 
18  left,  mixc<i  only  with  a  small  quantity  of  silica,  formed  during  the 
opcnitiou.  (Benelius.) 

SiLiciTM  AKD  Carbon. 

CarfiiJf  of  Silicium  f — If  silicium  is  reduced  from  the  double  fluoride 
of  silicium  and  potassium,  by  potassium  prepared  according  to  Wiililer's 
niothiid  (III.,  5),  and  freed  from  carbon  by  re-fusion  only  and  not  by 
distillation,  a  mixture  of  silicium  and  carbiJo  of  silicium  is  obtained,  of  a 
darker  colour  than  pure  silicium.  This  substance,  when  ignited,  sufters  no 
loss  of  weight,  but  yields  carbonic  acid  gas,  and  a  mixture  of  silica  and 
nnbumed  silicium  free  from  carbon.  (Berzelius.) 

SiLiciiTM  AND  Boron. 
Borncic  acid  in  a  state  of  fusion  dissolves  little  or  no  silica. 


Silicium  and  PaospnoKcs. 

Bilicium  docs  not  combine  with  phosphorus  when  ignited  in  ita  Tapour. 
(Bejieliua.) 

Silicium  and  Sclphdh. 

A.  PfLPHiDE  OF  SiLiciCM. — Formed  by  igniting  silicium  in  vapour 

f  fulphur,  or  by  passing  vapour  of  sulphur  over  tilicium  at  a  white  beat; 

1  coniliiuation  is  attended  with  incandescence. — Sulphide  of  silicium  ta 

ite  and  earthy,  or — if  eilicium  be  prcseut  in  an  uncomVmcd  ft| 
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ilwk  BTPy  anil  drossy.     It  burns  iilowly  when  hwiletl  in  tlio  atr,  for 

t   '   '         .-i  aoiil  iiiidtiilica;  in  ft  coM  ilry  iitiu<i»]'lit'rc,  it  !  '       - 

i  :  V  ^Hli^l  iiir,  it-  eniil.-s  a  poworful  mlimr  of  8iil| 

and  '  ly  couvprt«.'il  into  silica.     Water  instaiiUy   <li.' 

iutd  I'liuric  acid  which  cwapes  as  gas,  nnil   Kilioi  wl, 

BolveU,  Milli  »  small   iiuantity  of  watt.-r,  so  coi  • 

silica  it)  ohlaincil,  tlmt  thi-  wfioli'  j^latiiiir.es',  an 

ami  on  drying  yieKU  a  traiisparuiit  lissun-il  nni.-*  uf  uilio.i, — ^- 

ailicium  is  capable  of  uniting  with  sulphide  of  poULssiutn.  (Ber/' 

B.  Sulphate  op  Silica. — Obtained  in  solution,  by  Buperaatnr.. 
silicKto  of  potash  with  very  dilute  sulphuric  acid. 


SiLicicu  Ano  Iodine. 

Silicinm  ignited  in  iodine  vapour  does  not  absorb  any  of  tlie  io 
(Benecliua.) 

SiLicicK  Aifn  Bromi.nb. 

Bhomioe  or  SiiicirM. — A  pa^ty  mixture  of  silica,  Inmp-Llnrk.  i 
and  oil — in  sucli  proportions  that  the  carbon  prodiictrd  may  annmot  to  i 
lea«t  one  half  the  4iuiiuity  of  the  f^ilica — in  i^ni'ted  in  a  covt<rt'd  cnicihl<| 
the  resulting  muss  introduced  in  snuill  piec-es  into  a  porcelain  tube  haviq 
one  iif  it«  ends  connected  with  a  retort  containing  br«jniine,  anil  the  (wh< 
with  a  proje<'liug  tube  puesing  into  a  tubulated  recoiver  Hnrronnded  witJ 
ice;  and  vapour  of  bromine  niado  to  pasti  gradually  through  the  ignit 
porcelain   tube.     The   carbonic  oxide  ga^s  escapes  through  a  long,  6nt 
drawn  tube  inserted  into  the  tubular  opening  of  the  receiver;  and  the  hr 
niide  of  silicium  mixed  witli  exce:>a  of  bromine  collects  in  the  receive 
itself.     The   whole  is  then  poured  into  a  retort  with  mercury,  and 
bromide  of  silicium  separated  by  distillation  from  the  bromide  of  mer 
Colourless  liquid,  much  heavier  than  oil  of  vitriol;  freezing  at  —  li'. 
—  l.i  (+  10-4°       +  5^  F.),  and  Ix.iliiig  at  148  .    150=  (298-4'     302'  F4 
Forma  denN  white  fumes  in  the  air,  and  lin*i  an  acrid,  disagrecnblc  smc 
It  has  likewise  an  ethereal  odour,  which  SoruUa*  attributes  to  the  pr 
of  bromide  of  carbon.     Water  rapidly  decomposes  bromide  of  8i|j 
with   Considerable  elevation  of  terai>eratnre.      Under  oil  of  vitriol, 
resolved,  in  the  course  of  a  few  day*,  into  «ilica  and  bnmiine.     Wh^ 
gently  heated  with  pota-^ium,  it  cx|dodc»  violently  and  breaks  the  gla 
tube.  {ScTuWaSjJ.CMnt.AleJ.  8,  1;  also  Ann.  C'him.  Phys.  8,  1 ;  also  /"o 
24,  341.) 

Silicium  and  CnLORmE. 

A.  Cm/>RiDE  OF  Silicium. — 1.  W^hen  ignited  silieiam,  or  eiliciu 
containing  hydrogen,  is  heated  in  chlorine  gas,  it  takes  fire  and  coiitinu 
to  burn  till  the  whole    has  disapi>earcd.     The   product    is   chloride 
silicium  iu  tbo  form  of  vapour,  which  solidifies  on  cooling.     If  any  atinj 
spheric  air  is  niixcil  with  the  chlorine,  a  certain  <|uantity  of  silica  romaL 
behind.  (Berielius.) — 2.   Dry  chlorine  gas  i«  passed  overn  ■;»'■,, n.-K-  i"  ' 
mixture  of  silica  and  charcoal.   (Ocrstcdf,  Sth.  2*5.)     Tb' 
for  this  Qpcralinn  is  Btmnger  than  that  which  an  ar^.'^-  '  ,.,,.,, 

furnish.  (Wbhicr.)     The  yellow  liquid  obtnioidjH*''  frvm  U 
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oxcoM  or  clilorino  by  agitation  with  mercury  and  distillation.  (Dumas, 
Ann.Vhim.  ri,</i>.  33,  2«7.) 

Tmnspareiit  and  colourless  liquid,  having  the  appearance  of  ether, 
(Duinsw.) — Heavier  than  water,  but  lij<hter  than  oil  of  vitriol;  not  freezing 
at  —  20°;  boiling  at  jO".  (Sernllaji',  J.  Chim.  Med.  8,  3.)  When  exposed  to 
the  air,  it  evapumteH  almotit  instautaneuusly  in  the  form  of  a  white  cloud, 
leaving  a  residue  of  silica.  Its  vapour  lias  a  suffocatiug  odour,  somewhat 
like  that  of  cyanogen,  and  reddena  litmus  paper.  (Borzcliut.) 
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Chloride  of  silicium  when  thrown  on  water  swims  on  ita  surface  at 
first,  and  then  di.ssolves  in  the  form  of  liydrochlorate  of  silica.  If  the 
water  is  in  excess,  only  a  small  quantity  of  silica  is  precipitated;  but  if 
the  volumes  of  the  two  liquids  are  equal,  a  bulky  m«J>s  of  i,'el:itiuous  silica 
is  imme<liately  produced.  (Berzeliu.s.)  Oil  of  vitriol  likewb*  resolves 
chloride  of  silicium  into  silica  and  hydrochloric  acid.  (Sernlla.s.)  Potas- 
m  heated  iu  vapour  of  chloride  of  siiiciiim,  burns  and  forma  chlo- 
.c  of  potassium,  with  separation  of  siliciuni.  (Berzelius.)  Fused  potas- 
sium dropped  into  liquid  chloride  of  silicium,  causes  an  explosion. 
Chloride  of  nilicium  may  be  heated  over  potassium  till  it  boils,  without 
undergoing  dt-couipocitiuu;  doubtless,  because  the  boiling  point  of  chloride 
of  bilieiuiu  is  below  the  tomiierature  at  which  potassium  fuses.  (Serollas.) 

B.  HrDRomLORATE  OF  Silica. — Obtained  in  the  same  manner  as  the 
aulpliatc,  or  by  diftsolving  chloride  of  silicinm  in  water.  Ka  last  as  llio 
acid  ivcapes  iu  the  evaporation  of  this  solution,  the  silica  xa  deposited  iu 
the  gelatinous  state. 

If — C.  CnLOROsuLPniDE  op  Simciitm. — Chloronilphure  <le  Silicium, — 
Dincovere<l  by  Isidore  Pierre  {Ann.  Pharm.  6!),  73).  onil  fi>rme<l  by  ]iti«Hing 
a  mixture  of  vapour  of  chloride  of  silicium  and  perfectly  dry  liydrosul- 
phoric  acid  gas  through  a  rod-hot  porcelain  tube.     A  large  quantity  of 
LydMcliloric  acid  i.-*  formed,  and  escapes,  I'ljrethor  with  tlic  cxco.=s  of  chlo- 
ride of  !<ilioiuni  and  traces  of  undecomjwsed  hydrosulpburic  acid.    Tlie  best 
mode  of  preparation  is  to  puj<s  a  current  of  hydrosulpliuric  acid  gas  through 
chloride  of  ailiciuni  c<mtainod  iu  a  8to[qiered  rct<jrt,  the  conducting  tube 
Itcitig  madi>  to  dip  just  under  the  surface  of  the  liquid.    The  retort  is  then 
connected  hy  means  of  a  good  cork  with  one  cnil  of  a  iiorcelain  tube,  the 
otlier  end  ol  which  is  attac.he<l  to  a  U-ahaped  tube  kept  constantly  cool. 
The   (lorcelain   tube  is  then  umdc  red-hot,  and  as  the  mixture  passca 
through,  a  fuming  liquicl  rapidly  condenses  in  the  U-tube.     The  liquid 
thus  obtaineil  hiio  a  puncent,  oA'ensive  odour  rexembling  both  chloride  of 
-'      ^       lid  hydrofiiulphuric  arid;  it  becomes  clear  on  standing,  ami  is 
.  il,  tlic  liquid  which  comes  over  at  a  tempeniture  between  BO" 
niKi  Mill    licing  kept  apart.     The  procoM  it  8top[H<il  n«  soon  as  the  |Hi»ty 
ma.«!i  in   the  retort  bewins   to  evolve   white  fnme.s.     The  distillnte  is  a 
itery  liquid,  which  boils  at  100  \  and  distils  over 
lie  gravity  is  l^.i.     In  ctmtact  with  water,  it  is 
J  li\dr<*ulpliuric  ocid  go*,  hydrochloric  eci'' 
.  of  free  sulphur. 
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^  CalcoUtinn,  ncnr. 

^^H  R  „.  21 -St     ...     19-70  ....  I9-54 

^^H  8 Ifi'OO      ..     U-H2  ....  15-Ot 

^^B  Sa    70-80     ....     65'4*  ....  Ci-79 

^^B  £iSCP    ...     108-14     _.,  10000       ....       100-M 

The  density  of  tbo  Tatwur  ■was  found,  in  three  experimeote,  t«  be  4 
5-24,  and  5-23.  The  calculated  density,  sappoeing  it  coodenied  to  tl 
Yolomue,  is  5'00. 

SitlCIUM   AND   FlUORDIB. 

A.  Pt.tTORiDP.  OF  SfLicrcM. — GaAtoui  Fluoridt of  Silicitrm ,  Flunrtyxtr 
nat,  Ih/drfijluoric  acid  ijat,  HyJro-JtuotUicic  iicid  ijtt»,  Fhr 
kifsfl  <jas,  Fltistiiure-k-tetflfrdt  'jtu.    Gat  acidf  funriqne,    ' 
tUicf. — Formed  on  bringing  hydrofluoric  acid  in  contact  with  silica  nr  j 
any  siliceous  substance,    such  as  gla«8.      Anbj-drous  hj-droflaorio  aciJj 
l>econie»  he.-Ued  in  contact  with  glass,  boils  np,  and  evolves  paseoua  8u»^j 
ride  of  silicium. — The  process  of  etching  on  gloss  with  liydroflaorir  afitlj 
depcniii  on  the  formation  of  fluoride  of  silicium,  when  dilute  liydroflaoricj 
acid  or  the  vapour  of  tiiat  acid,  is  made  to  act  upon  glass. 

Preparation. — Powdered  flnor-spar  mixed  with  sand  or  finely  poDnd*4 
slaas,  is  gently  boated  in  a  flask  with  oil  of  vitriol,  and  the  gar  col- 
lected over  mercury  in  glius  jars  dried  by  heat.     If  the  receiver*  ai*     ■ 
covered  with  the  leajst  film  of  moiirture,  they  become  overcast  with  v^l 
opaque  deposit  of  silica,  which  cannot  again  be  removed.  (Berzeliui.)      ^^ 

Proprrlift.     Colourless  gas.      Specific  gravity  (I.,  280).     It  ha*  ■ 
peculiarly  penetrating  and  suflocating  odour,  like  that  of  hydrochlorioJ 
acid  gas.     According  to  J.  Davy,  it  reddens  litmus  paper   even  when] 
carefully  dried.     Forms  a  white  cloud  on  exposure  to  the  air.     It  \»  in-| 
combustible,  and  does  not  support  the  combustion  of  a  taper  or  of  burning 
wood. 

Cslnilation.  Vol.  Sp.  gr. 

Si „....     15-0     ....     28-M  Vnponr  of  silicinm  (?)....       1       ....       10100 

2F  37-4     ....     71-.-»7  Fluorine  gai.  (.>) 2       ....       2-5928 

SiF»    ....    52-4    ....  lOOOO  Fluor.  »iUc.  gas  „.      1      Z      3^63M~ 

Or:  J.  Davy.  Bcnelius. 

SiO»  31-0     ....     59-16       ....         61-4       ....        59- 1    to      58-976 

2(F-0)    ....     21-4     ....     40-84       ..„         38-6       ....         40-9     „        41024 

SiFS  52-4     ....  100-00      ....       100  0      ....       1000     „     lOO'OOO 

F — 0  denotes  hypothetically  anhydrous  fluoric  acid. 

Defompnsilwns. — 1.  Water  absorbs  the  gas  in  large  quantity,  and  at 
the  same  time  decomposes  it,  the  products  being  hydrofluoric  acid  and  1 
silica;  one-third  of  the  latter  is  precipitated  as  a  hydrat<«  in  whi'"  ImII  \'  j 
flakes,  whereby  the  liquid   is  soon  converted  into  a  thick,  tr;i  .1 

gelatinous  paste,  which  fumes  in  the  air;  the  rest  forms  tor-hydrouu;nv  .uj 
silica,  which  remains  dissolved  in  the  water.  (Bcnelius.)  I 

3SiF»  +  6HO  =  2SiO-',3HF  +  SiO».  1 

The  water  absorbs  the  first  quantitir      '  ^ -="--    '    •     '        ;  \,^A 

become  thickened  by  the  precipitated  h}  n  iJ 
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mich  slower.  In  24  hours,  100  parts  of  water,  in  contact  with  an  excess 
of  i^asoouis  fluoride  of  silicium,  absorb  1406  parts.  (Bcrzelias.)  100 
:  140-6  =  108  :  151-8;  108  represents  12  atoms  of  water;  1.51-8  is  nearly 
3  atoms  of  flaoriJo  of  silicium:  hence  3  atoms  of  fluoride  of  siliciuni  react 
on  6  atoms  of  water;  and  6  other  atoms  of  water  remain  partly  com- 
bined with  the  free  silica  as  hydrate,  and  partly  with  the  ter-hydrofluate 
silica,  without  any  further  power  of  decomposing;  the  fluoride  of 
iciutn.  The  gelatinous  mixture  is  probably:  2  (HO,  HF  +  SiO', 
HF  + Aq)  +  SiO*,  2H0.  According  to  J.  Davy,  one  mea«uro  of  water 
absorbs  205  measures  of  gaseous  fluoride  of  silicium;  this  gives  134  parts 
of  fluorideof  silicium  to  108  parts  of  water.  The  precipitated  hydrate  of 
nilica  ie  somewhat  soluble  in  water;  and  consequently,  the  silica,  after 
waahing,  amounts  to  only  about  ^  instead  of  Jp  of  the  total  amount  of 
silica  prod  iiccil  from  the  fluorideof  silicium.  When  thoroughly  washed,  it 
is  quite  free  from  fluorine.  The  acid  (solution  filtered  from  the  hydrate 
of  silio„"i  without  having  any  additional  w.atcr  pa-ised  through  it,  yields, 
when  saturated  uith  potash,  nothing  but  double  fluoride  of  silicium  and 
potnssium.  liut  if  the  solution  is  mixed  with  the  subsequent  washings, 
which  coutxiin  a  portion  of  the  precipitated  hj'drato  of  silica  in  solution, 
the  liquid,  after  saturation  with  potash,  gelatinizes  on  being  evaporated, 
in  couseqiiencc  of  the  excess  of  silica  which  it  contains.  (Bcrxclius.) — 
If  hydrochloric  acid  gns  is  passed  into  water  saturated  with  fluoride  of 
silicium,  the  gelatinous  condition  is  destroyed;  a  solutiou  of  hydroclilorio 
acid  is  formed,  and  the  silica  disappears  in  the  form  of  gaseous  fluoride 
of  filicium.  (J.  Davy.) 

2.  Giuieous  fluoride  of  silicium  is  slowly  absorbed  by  crystallised,  bnt 
not  by  anhydrous  boracic  acid.  The  acid  increases  in  bulk,  and  is  con- 
verted into  a  white  powder,  which  does  not  fume.  100  parts  (2  atoms) 
of  crystailiied  boracic  acid  absorb  129-02  parts  (3  atoms)  of  fluoride  of 
cilicium.  (ficrzelius.) 

2(BO'.3HO)  +  3SiF»  =  2(BO'.3nF)  +  3SiO». 

From  this  it  appears  that  2  atoms  of  tcrhydrofluate  of  boracic  acid 
and  :J  atoms  of  silica  are  produced. — The  powder  docs  not  at  first  absorb 
w.-ittr;  Iiiit  subsequently,  a  slight  elevation  of  temperature  takes  place  and 
lerliydrofliinte  of  boracic  acid  is  dissolved,  leaving  a  rcsiilue  of  hydnUe  of 
silica.  About  one- fourth,  however,  of  the  silica  dis-solves,  and  is  again 
thrown  down  by  ammonia  and  other  bases.  The  residual  portion  of 
silica  evolves  pungent  vapours  when  i^ited.aud  may,  with  great  probabi- 
lity, be  regarded  as  another  double  salt  containing  excess  of  silica.  (Ber- 
cefius.) 

3.  Aqueous  solutions  of  salifiable  bases  either  act  like  water,  precipi- 
tatinj;  only  one-third  of  the  silica,  and  forming  a  double  fluoride  of  silicium 
ami  the  metal — as  in  the  case  of  potassium— or  they  precipitate  the  whole 
of  the  silica  and  produce  a  simple  fluoride  of  the  metal,  as  in  the  case  of 
eoiliiim. 

4.  Many  of  the  alkalis,  earths,  and  heavy  metallic  oxides,  in  the 
anhydrous  state,  absorb  gaseous  fluoride  of  silicium,  producing  heat 
and  rdmi.-timos  even  flamo,  and  apparently  forming  a  niixtnre  of  Hiliea 
und  iiiotillii-  fluoriile.  Burnt  lime,  immerred  in  the  gas,  boromcs  red- 
1-  ■  whole  mass  (if  moisture  be  present,  the  applir-ation  of 
\'  ,'  to  commence  the  act  of  combin.ition;  an  ndniixturo  of 

•  liUewici"  interferes  with  the  action);  and  there  is  formed 
'  volution  of  oxygen  gas — a  tusteleiiama.SB,  whichisinsolublu 
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in  w»t*r,  »nd  when  hcatod  in  thu  blowpipe  flamo,  esliibits  a  Wiii=li  wJii* 
l^honjilnirodcpnfv,  iinil  cnkoa  toBt-ther  into  an  aniiydrous  maes,  hn 
I'ti)  Hcnitrl)  gliiAS.  Hyilrochloric  acid  slowly  rvaolves  thi^  sub.-^i 
{•olnlile  fluoride  uf  calcium,  and  gelatinous  siiics  wbjcli  rvniains  uai 
rw>Iv(Ml  Willi  oil  of  vitriol  it  efferveBces  violently,  evolving  fluurti] 
of  «ilicium,  and  loaving  a  re«idue  of  gyp«um,  wliicli  auiouot«  Co  Ittsj 
■  per  oont,  Henco  it  rontains  2  atoms  of  lime  to  I  atom  of  fluoride  of  sit' 
Icium.  (J.  Dairy,)  [Or  2  atomn  of  fluorido  of  culcium  to  1  atom  of  «ilie 
llCiiO  +  SiP'  =  aCnF-f-SiO'.  Davy's  view  is  supixirted  liy  tlie  f» 
I  till-  »ilica,  after  tre.itment  with  hydrochloric  acid,  pemains  in  the  fo 
tk  hydrate:  this,  however,  may  likewise  be  explained  by  supf 
that  the  silica  is  chemically  comhined  with  the  fluoride  of  calciu 
L  Baryta  and  alumina  likewise  absorb  gaseous  fluoride  of  siliciani,  but 
fcamaller  ijiiantity,  and  a^in  evolve  it  on  the  addition  of  oil  of  vitriol.- 
l^^faDe.^ia  likewise  combines  with  it  without  ii^ition,  and  yields  beffir 
^H^lowpifie  nn  infusible  mass,  which  resists  the  action  of  watrr,  .in4 
iwhavea  with  hydrochloric  and  sulphuric  acids  in  the  same  manner  u  lb* 
•calcium  oompoiinil. — The  mangauic,  antimonic,  mercuric,  and  ferric  uxidatj 
llikewtsc  absorb  a  portion  of  gas — the  latter  most  abundantly;  the  gas  i 
Mgiiin  expelled  by  oil  of  vitriol.  (J,  Davy.) — Gaseous  fluoriJe  <>f  -ilirlun 
hasaoil  over  heate<l  baryta,  becomes  red-hot,  and  is  nipidly  ab 
^le  proportion  of  8.5  fi2  parts  (4  atoms)  of  baryta  to  HSfl  paru>  ,  i  -.^.•, 
of  fluoride  of  siliciiim.  (Dumas.) 

4BaO  +  SiF'  =  2BaO,  SiO'  +  2BaF;  [tho  result  is  theroforo  a  mis 
of  one  atom  of  disilicate  of  baryta  and  2  atoms  of  fluoriile  of  bnriuio.]- 
Anhydrous  alkaline  oarb<inntes  and  salts  of  bonicic  Jicid  do  not  act  i 
guH'ous  fluoride  of  silicinm  at  ordinary  temperatures.   (Ik'rzeliua.) 

5.  Potof^lum  at  ordinary  temperatures  acts  olightly  oti  ga-' 
ride  of  siliciura;  when  heated  in  tlio  gas  till  it  fuses,  it  blackens  . 
with  a  d:irk-red  flame,  absorbing  a  ipiantily  of  the  gaa  equal  in  volu 
tho  hydrogen  which  it  would  have  evolved  with  wat<^r,  anil  yield! 
dark-brown,  brittle  nias.s.  (G:iy-Lu.ssnc  &  Thenard.)     The  potassium, 
being  heate<l,  becomes  first  white,  then  darker,  and  lastly  bliu-k,  when 
V  Immediately  takes  fire.     The  resulting  hard  porous  mans  r.s  a  mixture 
^fluoride  of  potas-sium,  double  fluoride  of  silicium  aud  potas:<iuni,  nnd  '^iliJ 
cide  of  potassium.     Water  dissolves  out  potavh  and  fluoride  of  i 
with  violent  evolution  of  hyilrogt?n  ga.<>;  on  boiling,  it  also  dir  tj 

double  fluoride  of  silicium  and  potas.«ium,  and  leaves  .silicium  conlainiDl 
hydrf)gen.  together  with  silica.  (Berzelius.)  Sodium  j>rodueos  siniiU 
results.  (Gay-Lussae  &  Thenard.) — 6.  When  the  gas  is  passed  tlirougl 
a  white-hot  gun-barrel  filled  with  iron-turnings,  very  little  is  ab.sorbe 
the  iron  becoming  coverc<l  with  a  thin  stratum  of  silicium  and  fluorid 
of  iron,  which  prevents  any  further  action.  On  dissolving  the  fluoride 
iron  in  water,  a  thin  layer  of  silicium  is  left  behind.  (Berzelius.) — 1 
following  substances  exc-rt  no  decomposing  action  on  gaseous  fluoride  i 
silicium  :  hydrogen  g:w  in  the  direct  ray.«  of  the  sun,  charcoal  ignited  i| 
Ltlie  gas;  phosphorns,  sulphur,  or  iodine  sublimed  in  it;  chloride  of  calciux 
lAgt]ite<l  in  it;  chlorate  of  potash  or  of  xinc  fused  in  it.  (J,  Davy.) 

ComlAnatii/ni!. — tt.  With  nitric  oxide  and  the  oxygen-ac.id»  of  nitrt^m. 

h.  Willi  ammonia.  ■ 

c.   With  other  metallic  fluorides,  producing  the  MKT.Aitir  Wtvn  nt.l4 

keii>Rs  or  8iLlco-FLrroi«iDK.s.     The.-re  c(>mpnnnd«MMi>'  -1 

bolving  either  a  pure  or  a  hydratcd  motalliq  a|^^^Bi<^  .       'iJ 
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the  cnsc  of  iron  or  zinc,  tho  winple  metal)  in  Ur-hydrofliuit*  of  silica  till 
tlie  liquid  is  nearly  gaturatod, — wbvn,  if  ibe  ooinpouod  ia  not  iiiHoluble,  it 
ia  Mepiirnted  on  evaporating  tl)c  lipoid  iu  a  platiuuni  vcsisel.  irit^rela,- 
titiizod  from  cxceus  of  tiilioa,  a  siimll  qiituility  of  hydroOiiorio  acid  is  to  bo 
a«Miil,  and  this,  on  furtiier  t-vaporation,  is  volatilized  witb  tbe  gilica  in 
the  form  of  fluoride  of  gilii'iiim. — 2.  Fluoride  of  silicium  is  brougbt  in 
contact  witb  anotber  metallic  diioride  (eitber  dry  or  in  solution) — wbich 
readily  absorbs  the  jfas,— or  witb  a  pure  metallic  oxide  or  its  carbonate, 
Bligblly  moistened  witb  water:  iu  tbo  latter  case,  a  portion  of  tbe  silicium 
ia  tie)mnit(<d  in  tho  form  of  silica. — In  those  double  nu'tallic  iluoriileo,  ono 
atom  of  duoride  of  Hilicium  ie  invariably  combined  witb  one  atom  of  tho 
olbor  nietullic  fluoride. — Hence,  by  digesting  bi-hydrofluate  of  soda  with 
eilicn^  the  acid  reactiuu  of  the  solution  \a  changed  into  an  alkaline  reac- 
tion; because,  together  witb  the  insoluble  double  fluoride  of  atliuium  and 
sodium,  mono-bydrofluato  of  soda,  wbich  has  an  ulkaliue  reaction,  in  like* 
wise  formed,  (tierzelius.) 

2(NBO,2HF)  +  SiO'  =  NBF,SiF'  +  N»0,HIf+3H0. 

Tbe  silico-flnorides  redden  litmus,  and  for  the  most  part  have  an  acid, 
bitter  taste. — By  prolonged  ignition,  they  give  up  the  whole  of  tbo  fluo- 
ride of  silicium,  tbo  other  metjillic  fluoride  remaining  behind  in  a  pure 
state.  If  tbcy  contain  water,  tho  gasoous  fluoride  of  silicium,  us  it  e*caiH's, 
is  accompanied  by  a  white  sublimate  in  the  form  of  minute  drop.s,  which, 
by  the  application  of  heat,  may  be  chased  from  place  to  |)lace,  and  appears 
consist  of  concentrated  bi-hydrnfiutii:  of  silica;  on  exposure  to  moist 
,  it  dei>o8its  silica.  Tbe  silico-fluoridos,  many  of  them  nt  least,  are 
solved  by  ignition  witb  potassium  into  silicium  and  fluoride  of  potas- 
sium; whilst  tho  other  metallic  fluoride  previously  in  combination  with 
tbe  fluoriilo  of  silicium,  cither  remains  unaltered,  or  likewise  gives  up  its 
fluorine  to  the  potassium.  Tbe  action  of  iron  at  a  red  beat  is  similar  to 
that  of  potassium.  (Berzelius.) — With  oil  of  vitriol,  the  sillco-fluorides  at 
first  evolve  gaseous  fluoride  of  silicium,  wbich  e8caj>es  witb  eflervescence; 
tlion,  at  a  temperature,  which,  in  tbe  ciwo  of  the  calcium  and  barium  com- 
pound, exceeds  100^,  anhydrous  hydrofluoric  acid  is  evolved.  Hydro- 
chloric and  nitric  aciils  i'X])el  only  apart  nf  the  hydro-flnosilicic  acid.  On 
tbe  other  hand,  the  snlU  of  nitric  and  hydrochloric  aciil  are  but  imper- 
fci'tly  decomj)osed  by  bydro-fluosilicic  aciil.  Hydrofluoric  acid  in  excess 
doc-,  not  aU'ect  them,  but  jiasses  ofl'  unchanged  on  the  application  of  beat. 
An  alkali  a<Uled  to  the  aqueous  solution  of  a  metallic  silico-fluoride, 
decomposes  tho  fluoride  of  silicium  iu  the  compound  on  boiling — absorbing 
tbo  fluorine  and  precipitating  silioa,  e.  g. 

N»F.  SiF=  +  2N«0  =  3NaF  +  SiO't 

or,  if  tro  suppose  that  tho  metallic  silico-flnoride  is  converted  by  water 
into  a  double  bydrofluate  of  silica  and  another  metallic  oxido, 
(NnO,  lIF  +  SiO-,21IF)  +  iNiiO  =  3(N«0,  HP)  +  SiOJ. 

From  the  salts  of  tho  more  soluble  alkalis,  tbe  silica  is  thrown  down  pnrcj 
wbvu  pre<'ipit:ili'd  fiviin  i-iilU  of  the  alkaline  earths,  it  is  mixed  with  fluo- 
ride of  liiriiiiti.  t-tiiiiiliiin),  or  calcium;  and  from  the  sal tei  of  the  earths 
and  b<  llic  oxides  (ina^nmcb  as  the  alkaline  precipitniil  likewit« 

M|>tr:>i  .droUuoric  ncid  from  those  oxiiles)  it  is  precipitated  iu  a 

■tAto  of  cbiuuical  combination  with  the  bases,  forming  a  simple  silicate,  cy. 
MgFjSiFJ*»NiO  -  MgO.SiO'  +  3N«Pt 
or:    (MgO,HF  +  8iO',2HF)  +  3N«0»=MgO,  SiO'  +  3(NiO,HP),  i 
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I  EvcD  wIioD  rnnmooia  is  the  precipitating  alkali  and  tb*  secmiii  ii«f 

I  the  double  sail  id  soluble  in  it,  a  certain  quantity  of  this  luase  is  -til! 

leipitntcd  will)  the  ailica.  (Bcrzclius.)     The  alkaline  tarbonati 
dcconipise  the  metallic  silico-Buorides,  with  cfl'ervescence,  at  u  ^^. 
himl.  (Bcrzelius,  H.  Rose.) 

UydraUd  Mrtillic  SUico-Jtuortdf*  or  Compound*  of  ffydrafiuak  tf 
Silica  with  llydrofiuatt*  of  other  Mttallic  Oxidts. — Most  siiioo-flaondoi 
&re  easily  soluble  in  water;  only  those  of  potassium,  sodium,  litliioa, 
barium,  calcium,  and  yttrium  are  spiiirlngly  soluble.  (Berx«liu«.)  Tbt 
solution  frequently  yields  hydrated  crystals.      Many  of  the$«  crjstafa^ 

^irben  expotsed  to  the  air,  lose  their  water  of  crystallization  by  e^oreweim; 
and  all  of  them  undergo  this  change  when  heated. 

I        B.  Ter-hydrofluate  op  Silica. — Hydro-Jluosiliric  acid,  Kia^ittur- 
•  waiterttiifiiaurt,  Kieselhaltige  FltusspaiJitdurt,  Acidt  ftioriqtie  tttvtsilirf.— 
Known  only  in  combination  with  water. — Fonned  in  the  dec 
of  fluoride  of  diliciuui   by  water  (III.,  362),  and  by  dissolviiiir 
dilute   hydrofluoric  acid. — Pifparation.     A   perfectly  dry  and  intiluaie 
mixture  of  4  p:irta  of  fluor-spar,  and  from  2  to  3  parts  of  qaarti-«aiid  or 
pounded  fflass,  is  put  into  a  retort,  and  5  parts  of  oil  of  vitriol  pcuii 
over  it;  the  whole  is  then  well  mixed  together  by  shaking  the  ret 
which  should  not  be  more  thau  half  full  at  the  utmost.    Heat  is  then  v 
slowly  applied,  and  increased  towards  the  end  of  the  experiment  n 
rodnoss;  tlie  gaseous  product  is  made  to  pass  into  water.     As  a 
tube,  if  used  for  conveying  the  gas  into  the  water,  wnubl  soon  I 
choked  np  with  silica,  one  of  the  four  following  methods  is   adopted 
a.  The  neck  of  the  retort  is  attached  to  a  tube  bent  at  right  angles,  am 
having  its  lower  end  dipping  under  mercury.   (Thenard.)     Great  car© 
necessary  to  prevent  any  water  from  getting  into  the  tulK<  alxjvo 
mercury,  and  the  mixture  of  Uuor-.spar  and  sand  must  be  dried  by  b^ 
the  oil  of  vitriol  also  should  not  contain  more  than  ouo  atom  of  water 
one  atom  of  sulphuric  acid. — h.  A  wide  and  very  short  tube  is  ailapi 
by  means  of  a  cork,  to  the  neck  of  the  retort;  and  to  its  other  end 
attached  the  narrow  opening  of  the  neck  of  a  broken  receiver,  the  bi 
end  of  which  retwhes  nearly  to  the  bottom  of  an  earthenware  jar  oni 
fourth  (illcd  with  water.  (Guulin.) — c.  The  neck  of  the  retort  is  oonui 
witli  a  lient  tube  which  passes  into  a  large  bottle,  one-fourth  filled 
water,  without  touching  the  liquid,  and  the  ab^^orption  is  promoi 
frequent  agitation.  (Berzelius.)— </.  The  long  neck  of  the  retort  is  fitti 
into  a  long-necked  receiver  partly  filled  with  water,  and  the  rcceivi 
frequently  shaken  in  order  to  keep  its  sides  constantly  wet.     There  is 
escape  of  gas,  and  the  silica  is  deposited  in  the  form  of  a  heavy  cri 
from  which  the  solution  is  easily  filtered.  (Maus,  Pogg.  1 1,  86.) — Tha 
mixture  of  aqueous  acid  and  gelatinous  silica  is  thrown  upon  a  Itnei 
strainer  and  the  liquid  pressed  out.    If  the  silica  is  exhausted  with  wat«; 
more  hydro-fluosilicic  acid  is  obtained,  but  mixed  with  an  excess  uf  silii 
in  consequence  of  the  water  dissolving  a  portion  of  the  hydrate  of  silii 
(Berzelius.) — 2.  Rock-crystal  in  powder  may  be  thrown  into  artificially 
Cooled  hydrofluoric]  acid  diluted  with  from  2  to  3  parts  of  water,  till  the 
acid  is  saturated,  and  the  solution  poured  oQ*  froru  the  insoluble  residuai 
The  silica  dissolves  quietly  at  first;  but  afterward.s,  if  the  rock-crystal  ijl 
in  excess  and  the  acid  concentrated,  gaseous  fluoride  of  silicium  is  evolved* 
(Bcrzelius.) — The  acid  thus  obtained  may  bo  preserved  in  gla«s  Twagli^ 
(J.  Davy,  Bcnelius.)  ^^^^^^tf^^l^^H 
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Hydroflaosilicic  acid  has  a  very  sour  taate  resembling  tbat  of  bydro- 
chloric  acid,  and,  like  tUat  acid,  irritates  the  Ekia;  it  reddens  litmos 
Btrongly. 


HP  . 
SiF» 


Calculation,  a. 
19'7     ....       27-32 
52'4     ....       72-68 


KiC. 
3HF.. 


CidcuUtion,  i. 
310     ....       34M1 
691     ....      66-59 


UP.SiP   ....     72-1 


lUO-00 


SiO=,3HP  .... 
CalcnUtion,  e. 


90-1     ....     100-00 


HO,  HP 28-7 

SiO»,2HF 70-4 


28-96 
71  04 


HO,HP.Si02,2HF     99-1 


10000 


In  calculation  a,  the  hydro-fluosiltcic  acid  is  regarded  as  a  mctRllio 
Bilico-fluoride,  iu  which  the  atom  of  metal  it)  rephvced  by  an  atom  of 
hydrogen;  in  calculation  t,  aa  tor-hydrofluato  of  silica;  in  calculation  e,  it 
in  made  to  correapoud  to  a  bydrated  metallic  silico-fluoride,  supposing 
that  the  latt«r  compound  forma  with  water  a  double  liydrofluate  of  silica 
and  a  metallic  oxide,  c.  g. 

KF,  SiP=  +  3HO  =  KO,  HF+  SiO'.  2HF. 

In  that  ca>e,  wc  must  suppose  tbat  in  hydro-tluosilicic  acid,  the  metallic 
oxide  (KO)  is  replaced  by  110.  But  the  hydro-fluosilicio  acid  cannot  bo 
obtained  iu  the  anhydrous  state  assumed  in  the  calculations  a,  b,  and  c. 
The  most  concentrated  acid  tb.it  can  be  prepared  is  still  combine<l,  accord- 
ing to  Berzclius,  with  3  atoms  of  water  more  than  tbat  which  exists 
•recording  to  calculation  e:  HO,HF  +  SiO-  2HF  +  3Aq. 

Hydro-tluosilicic  acid  gradually  evaporates  at  a  tcmj)erature  of  40" 
without  leaving  any  residue;  if  evaporated  on  glass,  it  corrodes  tlio  surface; 
for,  lluorido  of  silicium  is  evolved  at  Urst,  and  the  residual  liquid  becomes 
•troMgor  and  stronger  in  hydrofluoric  acid,  which  subsequently  evat)orales 
Hence  the  acid  attacks  glass  when  evaporated  u]>on  it,  but  not 
ion  it  is  preserved  in  «toppcreil  glass  bottleo.  When  evaporated  in 
viu'uo  over  oil  of  vitriol,  it  likewise  corrodes  tbo  glass  receiver;  because, 
after  the  fluoride  of  silicium  has  been  evolved,  a  compound  richer  iu 
hydrofluoric  acid  remains  and  is  gradually  evajwrated.  BerzeliuH.) — 
Buracic  ncid  precipitates  silica  from  the  solution  and  forms  ter-hydrofluate 
of  boracic  acid.  (J.  Davy.) 

Si(>',3HF  +  BO»=  BO',3HF  +  SiO«. 

—Oil  of  vitriol,  or  hydrochloric  acid  gas,  absorbs  water  from  the  com- 
[lound  and  liberates  gaseou.s  fluoride  of  silicium.  (J.Davy.) — An  excess  of 
ammonia  or  soda  (and  of  most  other  salifiable  bases:  Bcrzelius)  gives  rise 
to  the  formation  of  a  liydrofluate,  and  separates  the  whole  of  the  silica. 
(J.  Davy  )— Salts  of  ammonia,  potash,  ami  soda  produce  a  transparent, 
f(elatiuoUH  precipitate,  scarcely  perceptible  at  first;  those  of  baryta,  a  white 
eryetalline  precipitate,  which  becomes  visible  after  a  few  seconds.  From 
many  other  salts,  likewise,  hydro-fluosilicic  acid  throws  down  a  ailieo- 
fluoride  of  the  metal.  (Berzelius.) 

Concentnited  hydro-fluosilicic  acid  exjiosed  to  the  air  at  ordinary  tem- 
peratures, absorbs  moisture  till  it  reaches  a  certain  degree  of  dilution;  a 
very  dilute  acid,  on  the  contrary,  gives  aiS  water  in  the  air  till  it  attain* 
the  aaine  degree  of  concoutration,  (Bcrzelius.) 


siLtauv. 


SlLICTtTM   AKD  NtTROOEX. 

A.  NiTHATB  OP  Silica. — Prepared  lik«  the  lijdrocUorale- 

B.  SrLicATE  OF  Ammonia. — Pure  liqaid  ammonia  diAsoIres  a  toleraUr 
largv  quantity  of  freshly  precipitatoil  silica;  tlie  carbonate   dit£olrc«  ir 
but  very  sparingly.  (Karstcn,  J'of/y.  6,  357.) 

C.  Ammomo-Culortde  opSiucirM. — Fonne«d  byeatoratingclilorid*, 
of  Mliciuin  with  dry  iuimiouia<-al  pis. — White  mass,  resisting  the  action  or 
firp,  but  docoiupobed  by  wat«r.  (Pcrso*,  Anti.Ckim.  Phys.  4-1,  319.) 

3NH»,Sia-  +  2HO  =  2(NH',  liaj  +  SiO-'  +  NW. 


SNU*. 


Calmlation. 
ilO     ....       37-28 
85-8     ...        6272 


Perwa. 
37-559 
G2-441 


3NH».  SiCP 


lSfi-8 


100-00 


100-000 


Tt.  FLroRiT>E  OF  Sn-icirM   is  caj>ablf  of  unitinc  with  nitric  arid  ^ 
tiUroiu    nritl,    liypoiiilric   acid,    aiid   nilric  acul.      Monohvdrated    nitria 
acid  (HO,  NO')  !»b.'<iirlw  jpiM'ouh  fluoride  of  silicium  preeJily,  ]>roduciu 
»  fumiii;^'  liquid  from  which  neither  water  nor  alkalis  precipitate 
(Kuhlinann,  Ann.  Chim.  P/tyi.  77,  116;  also  Ann.  Pham.  39,  819,)] 

E.  Ammonio-flcobipb  of  Silicicm. — One  volume  of  ^;ascous  6ni>r 
of  eilicium  condense* — in  whatever  prop<irtiou»  the  two  ga«;s  are  mix«<d- 
wiih  2  ineas'ure«  of  nmmoniocal  gag,  forming  a  white  fiowder  which  ToUti-^ 
liees  without  being  dc<-nmpose<l.    Carbonate  of  amniouia  is  likewise  drcom-J 
TMi8e<l  by  fluoride  of  silicium   at  the  temperature  at  which  it  vuhitilixw. 
The  powder  is  resolved  by  hvdrochloric  acid  pas  into  sal-rn  and 

jraseous  tluoridc  of  silicium.     It  dissulves  in  water,  with  sep  i  'U* 

fourth  of  the  silicium,  yielding  a  solution  of  double  bydrotluutc  ui  silicft 
and  ammonia.  (J.  Davy.) — 

2cNH».  SiF^  +  4HO  =  (Nn»,HF  +  SiO»,2HF)  +  NlP,HF  +  S50«. 

Consequently  half  of  the  silica  must  be  separated;  and  the  eolation  mo 
cuutaiii  one  atom  of  hydrofluatc  of  omiuunia  in  addition  to  one  .atom  o( 
the  double  hydrofluate  of  silica  and  ammonia. 


NH». 


ColcuUtiou. 
170      „..      24-49 
52-4       ...       75-51 


J.  D»Ty. 
24-5 
75-5 


NIP,SiP» 69-4 


100-00 


100-0 


F.  Flcoridb  op  Silicium  akd  Ammonium  and  HvDROPirATS 
Silica  and  Ammonia. — 1.    An   intimate  mixture  of  sal-ninmoninc  auj 
»ilicn-(Iuoride  of  potassium  or  sodium  is  heated  in  :i  glass  ves-^el  till  tin 

I'liuiid   Kublimes.    (Beriolius.) — 2.    Terhydrofluate    of  silica    '»    nen 

:       .I'd  with  a  dilute  sulution  of  ammonia.     On   neutralising   liydruflnc 
KJlicic  acid  witli  ammonia,  a  smiill  <]uantity  of  silica  is  thrown  down,  an<l 
lutithcr-liquid  still  remaining  in  the  crystalline  mn^'  cfiiit.iin^  ],m 
JntMtic  neid  or  bi-hydrofluate  of  anuuonia.     An 
TmIm  vroided.  as  it  wouhl  precipitate  the  silica  stil 
IB«fw)iiM.)    ^Yh(In  tbe  solution  ia  evaiKintMMMP'  ^^^  ^( 
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crysulliaes  iu  large  short,  transparent,  brilliant,  fonr-siJed  (J.  Davy),  or 
•ix-sided  (Berielius)  prisms,  containing  water  of  crystallisation.  The 
crystals  deercpiUite  slightly  when  heated,  and,  without  fusing  or  under- 
going dccumpo^iiion,  8ul)liuie  in  a  solid  crystalline  mass.  (Berzelias.) 
Xhe  suit  has  a  strong  saline  taste  and  reddens  litmus.   (J.  Davy.) 

Fluoride  of  Stlidom  and  Ammonium. 

NU'F „ 36-7 4119 

SiF" „...,.. 52-I        .„„...  58-81 


NH'P  +  SiF- 


H91 


Hfdrofliute  of  Silica  and  Ammonia. 

NH'.HF 36-7        

Sif^,2HF  70-4        


NlP.HF+SiO»,2HF    1071 


10000 


3427 
65-73 

10000 


The  amount  of  water  contAined  in  the  oryslallLne  compound  has  not 
yet  been  ascertained  by  experiment. 

A  solution  of  the  salt  boiled  in  glass  vessels  dissolves  a  portion  of 
their  silica,  wliicli  is  again  thrown  down  on  diluting  with  water.  (J. 
Davy.) — Sulphuric  aci<i  decomposes  the  salt,  with  evolution  of  gaseous 
fluoride  of  silieium  and  of  hydrofluoric  acid;  the  action  of  hydrochlorio 
acid  gas  is  less  energetic;  and  the  concentrated  aqueous  acid  does  not 
afl'ect  it  at  all.  (J.  Davy.) — Potash  liberates  ammonia  and  forms  fluoride  of 
silieium  and  potiissium,  but  does  n->t  precipitate  silica;  soda,  accord- 
ing to  J.  Davv,  acts  in  a  similar  manner  to  potassium;  according  to 
Gay-Luesac  &  Tlienard,  it  precipitates  the  whole  of  the  silica;  ammonia 
forms  hydroHuato  of  ammonia,  and  separates  all  the  silica  in  the  salt. 
(J.  Davy.)  According  to  Gay-Lussac  i  Thenard,  and  likewise  according 
to  Uerzelius,  a  portion  of  silica  remains  dissolved  in  the  aqueous  solution. 
— The  salt  is  very  soluble  in  water,  but  does  not  deliquesce  in  the  air. 
(J.  Davy,  Berzelius.) 


SiLIClUM    AND   PoTABSn7.M, 

A.  SiLiciDE  OF  Potassium. — The  two  elements,  when  heated  toge- 
ther, unite  without  perceptible  incandescence.  The  compound  containing 
■  larger  profiortion  of  pot.-vssium  than  silieium  is  dark  greyish-brown, 
and  dissolves  entirely  in  water,  evolving  hydrogen  gas  and  yielding 
■ilicatcof  potash;  the  coMij)ound  which  contains  more  silieium  than  potas- 
sium— obtained  by  the  dccompo-sition  of  fluoride  of  silieium  by  potas- 
•ium,  and  also  by  strongly  igniting  the  first  compound — leaves  a  residue 
of  silieium  when  digested  in  water.  (Berzelius.)  When  vapour  of  potaa- 
aium  is  passed  over  ignited  silica,  silicate  of  jMitash  and  silicido  of 
liotamium  are  jiroduced,  and  dissolvo  in  water  without  lejiving  any 
residue.  But  if  the  greater  part  of  the  potassium  be  previously  expelled! 
at  a  strong  red  heat,  and  the  remaining  vitreous  moss  digested,  first  in 
water  and  then  in  hydrofluoric  acid,  a  small  quantity  of  silieium  is  left 
behind.  (Berzelius.) 

b.  SiLtcATE  OP  PoTAsn. — (T.  Moiiosllkate. — Silica  fused  with  ml 
tXMsa  of  carbonate  of  potash  expolf  a  quantity  of  ciirbonic  arid,  the 
MBnniit  of  oxyg'-n  iu  which  is  equal  I"  that  in  the  silica  itself.  (H.  Rose, 
Oittt.  73,  »<.)     Consequently,  one  atom  of  SiO'  expels  one  atom  of  CO*. 

TOL.    III.  2  B 
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The  wnh  ii  ff>rm<Ml  by  fnsinj?  31  itaH«  <rf  «ili«i  with  6»-2  parts  of  ««|p| 
L|i  (=1  }>»rt  :  2j  parts). — Trso^iareut  aod  ooloorleas  gliM 

l»  1,1.  ^  ■  -^c*  iu  iLo  air. 

^^^H  CalniUtiaa.  M 

^^M  KO  47-2         fiOM  ■ 

^^B  SiO' 310        39-64  M 

^^^  KO.  SiO» 78-2         100-00  " 

Bereclius  fused  1  part  of  ailioa  wiA  4  parts  of  Lydrat«  of  [totMh; 
slowly  cooled  tlic  mixture  till  ono-liiilf  solidified;  and  then  poared  off  the 
rfniiiinin;;  liquiil.  Pearly  crj-stals  of  silicate  of  potash  were  obtained 
this  uianiior.  but  thi'ir  comjiDtfitiou  is  not  stated. 

b.   UydnUtd. — Kinfl/nichtiykeil,  Liquor  Silicum. — 1.   By    dissolv 

the    fused   compound    in  water. — 2.    By  dissolving  silica  in  solution 

caustic  potash.     Freshly  precipitated,  unipnited  silica  dissolres  even  in  ( 

cold  a>|iicous  solution   of  potash,  with  evolution  of  heat;  artificially  J'l 

LBari'd  silica,  aft«r  strong  ienition,  also  dissolves  completely  hot  slowly  i 

Iji  cold  srdution,  iin<l  ru]>idly  in  a  boiling  solution  of  potae^h.     The  diffri 

Viuds  of  opal  behave  like  precipitated  filica;  of  all  the  varieties,  hjralt) 

diiwcdves  the  most  slowly  in  a  cold  solution  of  potash.     Quartz,  even  ini 

latate  of  minute  division,  i.?  perfectly  insoluble  in  a  cold  solution,  and  i 

Molves  but  very  slowly  anil  with  great  difficulty  in  a  boiling  solution 

ipotash.   (Fuchs'  Schw.  24,  .178;  67,  418.)     When  poundetl  rock-crystxl  • 

f  boiled  to  dryne«!S  with  three  several  nu-intities  of  potash-ley  (till,  m  fact, 

nothing  but  hydrate  of  potash  remains)  solution  is  effected.   (L6wita,Crrft 

Ann.  17!I0,  2,  375.)      Glass  likewise  dissolves  with  various   degrees  tl 

readiness  in  a  hot  solution  of  potash,  yielding  a  similar  liquid.  ■ 

The  silica-solution  is  tran#j>arent  (unless  accidentally  rendered  tntllil 

I  by   the  presence    of  silicate  of  lime,    Jtc);  has  a  strong  alkaline  ta<4fl 

*  and  reaction  ;    and    is   corrosive. — Acids   separate    the   pota*h   from   i(H 

According  to  Dnlton,  the  addition  of  an  acid  in  quantity  not  sofBcient  Itfl 

saturation,  precipitates  a  compouml  of  the  potash  with  excess  of  silt^l 

a  birger  qunutity  throws  down   the  silica  in  the   form  of  a  gelatinoH 

hydrate,  leaving  iu  solution  a  quantity  of  silica,  which  is  greater  in  propoS 

tiou  to  the  degree  of  dilution  and  to  the  excess  of  acid  eniploj-ed.    S  Accor^ 

ing  to  Doveri  {X.Ann.  Chim.  Phj/t.  21,  40),  an  excess  of  acid  added  droA 

by  drop  to  a  solution  of  silicate  of  potash,  of  density  between  36'  and  2fl 

Bannic,  precipitates  -,^  of  the  silicic  acid;  from  a  solution  of  S"  B..  -A  all 

precipitated,  while  a  solution  of  6"  B,  retains  the  whole  of  the  silica.    If  OM 

acid  be  added  at  once  and  not  in  drops,  or  if  the  silica  solution  be  addtl 

to  the  aci<l,  no  precipitate   is  obtained,  even   in   concentrated  solutiunfl 

But  the  addition  of  chloride  of  potassium  to  the  solution  of  6    B.  rendefl 

it  capable  of  being  precipitated  by  hyilrochloric  ucid.     The  silica  ajipeafl 

to  combine  with  the  acid  at  the  moment  of  lilioration;  for  on  ueutraiixilH 

the  acid  « ith  f>otash  added  dro}>  by  drop,  the  whole  of  the  silica  is  pifl 

cipitutcd.     Carbonic  acid  and  alkaline  bicarbonntes  precipitate  silici^kH 

the  solution,  so  that  the  mixture  assumes  a  pasty  coosistenco,  r«ieei^^^| 

coiigulated   albumen;    the  precipitate  is  insoluble  iu   aciils.     ^   From^ 

concontnitoil  solution  of  silica,  acids  immediately  precipitate  gelatiooH 

tjBilion,  which  afterwards  dissolves  with  great  difliculty  and  ouly  iu  excefl 

Pof  the  acid. — If  to   a  dilute  solution  of  silica   in   p<itash,   oontainiug  ■ 

FIcaat  -^  of  silica,  a  quantity  of  acid  be  abided  sufficient  ouly  to  neutraliM 

Ptliu  potash,  the  mixture  at  first  continues  dear;  but,  according  to  Berfl 

man  {OpuK,  3,  31  j),  becomea  turbid  immediately  on  boiling,  and  aluwfl 
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It  ordinary  temperatures,  with  separation  of  visci<l  flakes  whicb 
iissolvod  on  a  furtliur  addition  oj  acid.  (Karsten.)     A  dilute  ail! 


that  I 


are  not 
(Karsten.)     A  dilute  ailica-solu- 
on   supersaturated   with  sulpliurie,   hydrocldoric,  nitric,  or  acetic  acid 
mains   clear,  even   after  long  standing  or  exposure   to  heat,  or  when 
tre  and  other  salts  are  dissolved  in   it;   and  it  is  only  by  evaporation 
at  a  precipitAte  of  gelatinous  silica  can  be  obtained  from  it. — If  a  dilute 
ilution  of  silica  be  (irst  supersaturated  with  hydrochloric  acid   and  then 
mixeil   in  a  clo«!  vessel  with  enough  carbonate  of  animouia  to  neutralize 
all  the  hydrochloric  acid,  so  that  free  carbonic  acid  alone  remains  in  the 
liquid,  the   silica   is  held    in    solution   by  the  latter,  but  separates  on 
exposing  the  liuuid  to  the  air  or  on  heating  it,  in  consequence  of  the 
t'oliition  of  carbonic  acid.   (Karsten,  I'o(/g.  «,  357.) — Solution  of  silica 
posed  to  the  air  absorbs  carbonic  acid  and  is  converted,  in  the  coarse  of 
fortnight,  into  a  transparent  jelly  which  gradually  shrinks  together,  and 
fter  some  months  beoouies  hard  enough  tu  scratch  glass.     It  is  probable 
t  opal  and  Hint  are  formed  iu  a  similar  manner;  at  all  events,  potash 
ters  into  their  comi>08ition.  (Kuhlmann,  .(47in. /"Aarm.  41,  231.)     The 
mnniacal  Mills  also  precipitate  solution  of  silica,  their  aeid  neutralizing 
e  potash  and  the  amnumia  being  set  free. — Baryta,  strontia,  and  lime- 
ter,  and  likewii-o  alumina  dissolved  in  solution  of  potash,  throw  down 
e  whole  of  the  silica,  together  with  part  of  the  potash,  iu  the  form  of  a 
double  silicate,  the  rest  of  the  pota.sh   remaining  in  the  liquid  in  the  free 

ilHte.  (Guvton  Morveau,  Ann.  Chiin.  81,  246;  Bucholi,  Tatdienb.  1S12, 
66;  Dobe'reiner,  ,S'r/iMt.  10,  113.) 
h.  Bifiltcate. — If  a  solution  of  precipitated  silica  in  excess  of  boil- 
ig  potash,  is  mixed  with   about  half  its  volume  of  alcohol,  a  solution 
f  bisilicate  of  potash  separates,  and  forms  a  distinct  stratum  beneath 
ie  alcoholic  solution.     The  latter  is  poured  off;    the  heavier   stratum 
uihited  with  water;   again  precipitated  with  alcohol  and  left  iu  contact  with 
that  liquid  for  the  space  of  twenty-four  hours.     The  tran.-tparent  liquid 
beneath  is  then  covered  with  a  thin  stratum  of  carbonate  of  |iot«ifih,  and 
I      lastly  with  alcohol,   from  which  it  is  separated  by  a  syphon.  (Forch- 
bammer,  P<yg.  35,  339.) 
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TelratilicaU. — Soluble  Glatf  of  Pnchs. — 1 .  Fifteen  parts  of  powdered 
tt  are  ignited  with  10   parts  of  crude  potash   and   one  part  of  char- 
(which  decomposes  and  expels   the   sulphuric  acid   contained   in 
pofixli)    till  perfect  vitrification  takes  place.     The  hard,  blistered, 
o^'isli-black  ghiss  thus  obtained,  is  pulverized — then  boiled  with  five 
DCS   its   weiglit   of   water    (in    which    it   dissolves    slowly  but   almost 
ttlrely  in   the  course  of  four  hours) — and  the  solution  finally  evapo- 
i*c«l.  (Fuchs.)     With  a  larger  proportion  of  silica,  or  in  presence  of 
Bie,  alumina,  &c.,   which   form  double  salts,  au  insoluble  glass  is  pro- 
ceed.  (Fuchs.)     Huchner  {Jieper(.  46,  530;    61,  3fl3)   uses  8  parU  of 
Hfdc-red   quartz  and    10  piirts  of  half-refined  tartar. — 2.   An    a<{ueous 
Btion  nf  piitrihli  is  enturatod  with  freshly  prtHjipitated  hy<lrato  of  silica 
I     (Fuchs.)      In   order  to  obtain    the   mass  prepared    by 
methods,  iu  the  anhydrous  state,  it  must  be  heated  till 
iilH>«.     Hard,  trotispareut,  rather  infusible  gUss,  which,  on  ex\>oaiiT« 
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to  tbe  mir.  ftlMorbs  so  moeh  water  (witboat  anj  external  ehange,  exoift- 
iog  that  it  becomes  slightly  fissaivd)  that  it  »wcll3  np  strongly  -mita 
hmieJL  (Fuch^.) 

Colcnlition.  Forchlummcr. 

^^  KO 47-2     .  27  57         29  « 

^^m  «SiO'  ._ 12«0  -243         71-57 

^^M  KO,4SiO> 171-2      ..     100-00         100  00 

H^dralMl. — The  substance  ohtainoJ  by  simply   drying   the 

ir<  cr>1<iMTlc«!",  tTani^MirMit,  and  brittle,  with  a  conchoidal,  vitreous  fr 

Lli  <,     It  bus  a  slightly  alkaline  ta-^tc  and   reaction, 

la  tii.  riintain^   2ti   per  cent,  of  potojsh,  02  of  silica,  : 

Ui  of  watt-r.     Tiie  salt  i.s  permaiiout  in  the  air;   ciocj  not  absorb  carbook 

BKid  from  it ;  auJ   effloresces  only  when  accidentally  mixed   with  uthd 

UaltM  uf  pola-^li.     In  the  fire  it  swells  up  from  l(>?s  of  wat«r,  then  fuM^I 

bnd  forms  anhvdrous  soluble  gXasi.       Dilute   acids  decompose  it,    viti 

b^Mration  of  silica,  more  easily  than  couccntrateil  aciils.      It  dissolros  bii 

■rery  slowly  in  cold,  but  readily  in  boiling  water.  (Fiichs.) 

K       A  concentrated  solution  containing  'iS  per  cent,  of  anhydroas  fidnl 

rftlass,  is  syrupy,  tenacious,  somewhat  turbid,  and  of  specific  gravity  1- 

Ou    boiling    or   on   exposure   to    the   air,    it   becomes    covered    with 

l^tongh  skin,  which    disappears  when  thrust  beneatii    the  liquid.      AfMr' 

Mvaporation  at   a    high   temperature,    it   Incomes    very    tenacious,  mA 

■nay   he   drawn    out  in    threads,  like   melted  gloss.     It   drie«   up   to  %^ 

■Tnruisli    when   spread    upon   wood,   &c-,   the  combustibility  of  which 

'diminishes.     A  dilute  solution  absorbs  carbonic  acid  from  the  iiir;  a 

centrated  solution  scarcely  at  all ;  it  is  decomposed,  however,  by  a  currcn 

of  carbonic  acid  gas,  and  converted  into  a  stifT  jelly.     The  stronger  add 

precipitate  silica  from   the   solution.     The  alkaline  carbonates  and  chlo- 

I  rides  also— especially  sal-ammoniac  (and  according  to  Pcrsoz,  acetate 

Mod») — precipitate  the  silica.     Sal-ammoniac  precipitates  a  dilute  $oluli« 

Kcradoally,  aud  a  conc«ntrate<l  solution  immediately,  convertini;  it  intoi 

■tenacious  masj.     The  precipitate  is  piuity  at  first,  and,  after  loug-continue 

■vashing,  leaves  pure  silica.     Baryta,  strontia,  lime,  alumina,  and  oxid 

pof  lead  combine  with  the  whole  of  the  silica  and  a  portion  of  the  pot 

forming  an  insoluble  compound.     Nearly  all  the  soluble  salts  of  the  eartb 

and  heavy  metallic  oxides,  likewise  produce  a  bulky  precipitate.     Pli 

phate  of  alnmiua,  and  carbonate,  phosphate,  or  sulphate  of  lead, 

rubbed  up  with  a  solution  of  soluble  glass,  yield  a  tenacious  mass,    

becomes  as  hard  as  stone  in  the  air;  phosphate  of  lime  is  not  deconipos 
by  it.    Alcohol,  even  in  small  quantity,  precipitates  soluble  glass  from  aC^ 
aqueous  i^oluliuo.  and  thus  affords  the  uicaus  of  purifying  it  from  other  etdta 
of  potash.   (Fuchs,   Kaitn.  Arch.  5,   3Sj.)     The  alcohol,  however,  with.-, 
draws  potash — even  in   the  precipit.atiou   of  the  salt,  auil  still  more  i 
washing — until  oclosilicate  of  potash  alone  remains.  (Korchhammer.) 
I        d,  Potnt/i-fflai*. — a.  One  part  of  carbonate  of  potash   fused  with 

rts  of  quarli-sand,  yields  a  glass  which  is  but  partially  soluble  in  watefl 
With  3  parts  of  quartz-sand,  an  insoluble  glass  is  obtained,  which 
however,  is  very  refractory  in  the  tire,  and  consequently  ditlicult  to  work 
(Fuchs,  Ka»tn.  ArcA.  5,  396.)  In  a,  one  atom  of  potash  iti  couibin« 
with  alxmt  4-5  atoms;  in  b,  with  al)out  7  atoms  of  silica. 

e.  Octotilioilf. — An  aqueous  solution   of  soluble    glaiis  (tetmsilioite 
is  mixed  with  excess  of  alcohol,  and   the   •  e  wiwhed    with  al^ 
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Dhol  of  30  per  cent,  till  the  alcobol  which  passes  through  is  no  longer 
Ikaline.     The  hjvhatcd  rcsidne  is  only  partinlly  soluble  in  hot  water; 
(Forchliammer.) 

Anhydrous.  Forchhammer. 

KO 472     ...       15-99         1671 


SSiC  2480 


84  01 


83-29 


KO,  8SiO' 29S-2 


10000 


100-00 


A  mixture  of  one  atom  of  potufh  with  even  9  atoms  of  silica  i$  etill 
completely  fusible  at  the  heat  of  a  blast-furnace;  with  15  atoms  of  silica, 
the  mass  s<-arcely  cakes  together.  ^Milscherlich.) 

/.  With  18  alomr  of  Silica. — Ou  thnroujilily  boiliug  the  octosilicate 
of  potash  in  water,  the  tetrasilicatc  dit^Folvcfi,  anil  leaves  a  residuo  of 
hydrated  octndcca-silicate  of  potash.  (Forchhauiuier's  analysis  of  the  letra- 
flicate  (III.  372)  wa«  pcrformetl  with  the  salt  prepared  by  this  method.) 


'       18SiO»   .... 
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ij.  With  24  atoms  of  Silica. —  This  is  the  fjelatinous  precipitate  which 
separates  on  cooling  from  u  solution  of  silica  in  boiling  carbonate  of 
potash,  thoroughly  puriOed  with  water  and  dried  in  the  air.  (Forch- 
Bier.) 


1 

Atiliydrous. 

Dried  in  the  air. 
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■^ 
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^0,24SiO' 
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■»^16.\ii.  .. 
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. .  10000 

One  measure  of  powdered  charcoal  or  graphite  heated  to  whiteness 
for  three  hours  with  (i  nieacurcs  of  silica  containing  a  small  (]uan(ity  of 
Dtash,  in  a  crucible  covered  with  tand,  yields  a  black  glass,  in  which 
ko  eye  cannot  discover  any  black  powder  intermixed.  But  on  dissolving 
he  silica  in  hydrtifluoric  acid,  the  carbon  is  separated  in  a  pulverulent 
form.   (Prater,  riiil.  Mag.  J.  20,  72.)     [Probably  a  mere  mixture.] 

C.  Cahbo.n'ate  of  Silica  amu  Potash. — A   boiling  aqueous  solu- 
f6n  of  carbonate  of  potaj^h   dissolves  the  hydrate  of  silica,  and  likewise 

silic*  which  has  not  been  too  strongly  ignited,  and  deposits  it  again  as 
BD  op.-ilcecont  ielly  on  cooling.  (Pfaff,  Sdiw.  29,  383.)  Powdered  quartz 
ia  the  least  Holuble.  Opal  and  silica  after  ignition  are  more  easily  dis- 
solved, and  unignifed  silica  most  readily  of  all.  (H.  Rose.)  The  earth 
which  separates  ou  cooling  retains  ,'j  At.  potash.  (Forchhammcr.) 

D.  Sulphide   op  SiLicirM  amd  Potassicm. — Silicide  of  potoesinm 
ia  first  heated  witii   sulphur — whereupon  the   potassium  becomes  incan- 

r^kacont  and  combines  with  the  Kuljihur — and  the  ma^s  aflerwardi)  exposed 
ft  white  heat,  at  which  temperature  the  potu««iuni  gives  up  a  portion 
sulphur   to  the  silicium,  and  is  itself  reduced  to  a  lower  degree  of 
aulphuratiou.     The  mass,  before  it  has  been  heated  to  whitenea8,dissolrea 
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in  ir«t«r,  TTi'th  80p»mtton  of  •  considerable  qnantity  of  silicisni. 

■an  J  polawium  in  blackish  br'>'  '   'issolrcs  in  w»l«r  wUk««l 

obably  ivs  silicutc  anJ  byJroM  potash.   (Benteliw.) 

E.  PLroniBB  OP  Silicicm  akd  Potawticm. — Silioiam  oxploJe*  ' 
drrtible  fliioriiie  of  byiln)gt?u  iititl  potawiam  at  a  tompenitBre  coneril 
below   r(>ilni>48.     Wbeu   torhvilroflu.'itc  of  silica  is  added   to  an  3'{U«qi 
fioIutiuQ  iif  potiu^b,  or  of  a  jwlasb-salt  (in  the  latter  ca»e  I'  f  Ik* 

salt  is  set  free  :  SchreU),  the  double  fluoride  «ejmrat««  very  lod  U 

M  first  scarcely  Tisiblo;  afterwards,  it  pnwliuvs  prismatic  cdours  in  IIm 
liquid,  and  is  finally  deiM>sit«d  as  a  transparent,  jtvlatinous,  iride«c«Bi 
maas.  This  mass  <lric«  upon  the  filter  to  a  soft,  white  powder,  wLki 
Iia«  an  acid,  bitter  ta^te,  and  reddens  litmus.  By  ev:i{Kiratin^  a  {«tnral^ 
a<jueous  solution,  the  compound  may  aUo  bo  obtained,  in  rery 
anbydrou*  orycitals,  having  th«  form  of  tho  rhombobedroa  or  the  eix-i 
prism.  (Bcrtclias.) 

CalcolatioD. 
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Fluoride  of  siliciam  and  potaasiam  fuses  at  a  low  red-heat;  at  ii 
liigber  temperature  it  boils,  and  slowly  evolves  gasoouo  fluoride  of  silh-I 
ciuni,  but  continually  becomes  more  and  more  refractory,  till,  atla  pr 
louj^l  ignition,  fluoriilc  of  potassium  is  left  containing  silica  in  sold* 
tiou,  (because,  when  the  process  is  performed  in  an  open  crucible,  tba] 
atineous  vapour  of  the  flame  of  the  spirit-lamp  separates  a  portion 
silica  from  the  flnorido  of  silicinm).  Heated  with  potassium,  it  is  reaolrcill 
into  silicium  and  fluoride  of  pota-ssium.  IgTiited  with  iron  nf  a  whitol 
heat,  it  yields  a  mixture  of  fluoride  of  potassium,  fluoride  of  iron,  an<{] 
eilicidc  of  iron.  When  oil  of  vitriol  is  poured  upon  it,  gaseous  fluoridsl 
of  silicium  and  hydrofluoric  acid  an?  evolved.  It  is  only  partial!) 
decomjioBcd  by  digestion  with  aqueous  solution  of  boracic  aoi<l ;  so  thatl 
the  quantity  of  the  silic*  separated  is  very  far  short  of  the  wholej 
It  is  not  decomposed  in  the  cold  by  a  solution  of  caustic  potash  or  cor^l 
bonat«  of  potash;  but  when  it  is  boiled  with  the  latter,  carbonic  acid  iai 
evolved  and  complete  decomposition  eifected ;  on  cooling,  the  separated! 
silica  is  dopoeitol  in  a  jjelafinouB  form,  leaving  bydrofluato  of  pota.s)i  iaf 
eolation.  (Berzelius.)  It  removes  every  trace  of  lime  from  lime  water,  J 
(Scheole.)  It  dissolves  very  s|)aringly  in  wat«r,  more  freely,  however,! 
when  the  water  is  hot,  (Scbeele,  Gay-Luasac  &  Thinard.) 

F.  SiLiCATED  FLroRiDE  OP  PoTASsirM. — Fluoride  of  potassium  in  %1 
state  of  fusion  unites  with  silica,  fonning  a  transparent,  fused  um.ss,  wbicli 
PS  not  evolve  fluoride  of  silicium  at  a  rather  strong  re<l   boat;  but,  on 
oiding,  solidiflc«  to  a  white  enamel,   which  deliquesces  in  the  air, 
dissolves  in  water  with  separation  of  ^lica.  (BerMliua.) 
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O.  NiTBiDB  OP  SiLiciUM  AND  Pota8shim(?) — A  Diixture  of  8  parts  of 
tilica  with  13  part*  of  cyanide  of  potassium,  cxposeil  for  an  Lour  ia  a 
closely  covered  crucible  to  the  heat  of  a  smitL'.s  fors;o,  yiotds  n  porous 
ghii:i  which  fuses  tranquilly  iu  the  inner  lilowpi|it!  flame,  but  with  evolu- 
tion of  (;as  in  the  outer;  and  when  heated  with  a  nii.xture  of  hydriite  of 
lime  and  carbonate  of  potash,  evolves  a  large  quantity  of  amiuouia,  even 
after  being  thoroughly  washed  with  water  or  boiled  with  sulphuric  acid. 
(Ba'  'Win,  PAH.  Mag.  J.  21,  27fi;  »l«o  J.  pr.  Chun.  27,  422.) 


SiLicnTM  AND  Sodium. 

A.  Silicate  of  Soda. —  a.  Mono»Uicate. — 31  parts  (1  At.)  of  silica 
fused  with  .532  parts  (I  At.)  of  dry  carbonate  of  soda,  give  off  carbonic 
acid,  and  form  a  soluble  glass  resonibliug  tho  gla«s  of  tho  oilica-solution 

Hi/drnieil. — In  an  aqueous  solution  of  soda,  a  quantity  of  silica  is 
di-o^olvcd  cquiil  to  (ho  (|uantitv  of  unhydrous  soda  present;  the  liquid  18 
then  evajninitcd  and  left  to  crystallize.  A  conceulrated  sidution  solidilies 
after  some  days  to  a  cryi^talline  mass;  a  more  dilute  solution  deposit's  hemi- 
iberical,  fibrous  nuisses  or  a  crystalline  crust.  The  crystals  sometimes  cou- 
'n  (>  atoms,  sometimes  9  atom.s  of  water  of  cryatiiUtzaliou.  (Fritzschc.) 
a.  SrxhydriiU'd. — Oblique  rhomboidal  prisms,  belonging  to  the  doubly, 
oblique  prismatic  system.  (Fritzsche.) 
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Cryrtttlliicd. 
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B.  OelofitfdraUd. — Crystallizes  from  the  mother-liquid  obtained  in  the 
purification  of  crude  soda.  White  rhombs,  pcrinancnt  in  tho  air.  and  having 
a  caustic  ta*to.  The  salt  melts  in  its  own  water  of  crystnllizution,  ana 
leaves  a  whito,  swollen  uuiss,  which  does  not  fuse  over  the  fl.ame  of  the 
Bpirit-him|i.  Very  scdulile  in  water.  (R.  Hermann,  7.  />;-.  Cfifin.  12,  2!)4.) 
y.  WitJi  0  atom»  of  WaUr. — Right  rectangular  prisms  terminated  with 
the  four  faces  of  a  rhombic  octohedrou,  together  with  four  faces  of  a 
more  acute  rhombic  octobodron.  In  a  glass  jar  over  oil  of  vitriol,  the 
'yslals  eflloresce  throughout  their  whole  ixiasa.  The  salt  attracts  car- 
luic  acid  from  the  air  without  deliquescing.  Fuses  at  40°,  and  forms  a 
opy  liquid,  which  solidities  again,  but  not  till  after  the  lapse  of  some 
.ys.  (.FritMcho,  Pogg.  43,  135.) 

/3,  Hermann. 
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6.  Fiiif-ialva  SUkaU  of  Soda. — On«  jiart  of  anaxix  fa«e<l  with  S  i 
«f  crynUllixed  c»rbonttt«  of  8o«k  yicWn  a  soluble  glass  einiilmr  (•  < 
pQtiuli  compound,  and  preferable  to  it  for  practical  parpoaea.  (FodM.) 
in  ihi*  gla*(!,  23  atoms  of  silica  are  combineJ  with  1  ftlom  of  s(m1»;  but  it 
likcwiw  contains  nluniina  derived  fron)  the  earthen  crucible:  if  a  lar;^ 
excvjis  of  silica  were  present,  the  alaminn  would  reuder  the  gb* 
inouluble. 

c.    TersilicaU. — a.   100  ports  of  quartz  fused  with  40  parts  of  hjdrata 

of  soda,  and  rapidly  cooled,  yield  a  pellucid  glass;  but  if  very  slowlj 

Bolcd,  a  brownish  gloss  with  crj'&talllne  points.     Both  varieties   contain  j 

\-(i  per  cent,  of  soda,  2-0  of  alumina  (from  the  crucible),  and  76-4 

■ilica.  (Dunuis.) 

/9.  The  glass  obtained  by  fusing  3  parts  of  powdered  quartz  with  2  i 
of  dry  carbonate  of  soda  in  n  platinum  crucible,  is  reduc<Ml  to  powdcrj 
— washed  with  cold  water — and  afterwards  boiled  for  a  long  time  with  I 
the  nme  liquid.  The  solution  thus  obtained  is  mixed  with  alcohol  ia^ 
micb  quantities,  that  the  mixture  may  contain  30  per  cent,  of  absolute! 
alcohoL  A  white  precipitate  is  then  thrown  down,  and  is  puriiietl  by  poor-I 
ing  off  the  spirituous  liquid,  dissolving  in  water,  and  re-precipitating  byj 
means  of  alcohol.  The  white  precipitate  dries  up  to  a  ttaDspareat  T»t'  { 
niah,  still  containing  water.  The  same  compound  is  foiuid  in  the  wi 
of  the  Geiser  springs.  (Forchhammer,  Pogg.  35,  343.) 

.VnbjUroaSf  Forchbainixier. 

^^B  NaO .tl2        ...       25-12  26047 

^^B  8iO* „....         930       ....       r4  88        ....         73-953 

W  N»0.  aSiC  ....       1242       ..     lOOOO        ....       lOOOOO 

d.   Trtratilicate. — The  boiling  mother-liquor  is  saturafed  with  artifi- 
cially prepared  and  uuignited  silica,  and  the  alkaline  filtrate  evaporated 
to  dryness.     It   becomes  more  and  more  tough,  and   when  dried  ."»t  a 
temperature  of  117'  (242-6'^  F.)  leaves  a  pale  yellow,  transparent  glasi.j 
This,  on   ignition,  loses  water  and  swells  up  to  a  spongy  ma*.«,  which 
infu.«iblc  in   the  blowpipe  flame,  and  does  not  absorb  moisture  from 
air.     The  vitreous  mass,  before  ignition,  absorbs  water  from  the  air,  an 
dissolves  very  slowly  in  water.     A   solution  so  far  diluted  as  to  coot 
only  from  .,'5  to  jL  part  of  silica,  solidities  immediatolv   when  exactlj 
neutralized  with  an  acid,  and  forms  a  solid  transparent  jelly.      With  A 
to  -y-Jfp  part  of  .silica  it  does  not  form  a  jelly  till  after  the  lapse  of  twolvi 
boars;  with  -j^^  part  of  silica,  no   reaction  takes  pliice.     The  slight 
excess  of  aci<i  prevents  the  formation  of  the  jelly.     If  a  current  of 
bonic  acid  gas  be  jiasscd  through  a  solution  containing  yit  I'^rt  of  silic 
no  jelly  is  formed  till  the  liquid  has  been  boiled  or  exposed  to  the  %irj{_ 
With   sulphate  er  hydrochloratc  of  ammonia,  a  solution  of  the  above 
strength  forms  a  jelly  after  a  few  minutes;  a  solution  containing  y^  (o 
T^-f  piirt  of  silica,  deposits  a  few  flakes  in  the  course  of  24  hours.  (A.  l«d 
Walcker,  A'.  Qii/tri.  J.  ofSc.  3.  371.)  I 

^^^  In  the  TitKoiu  sUle.  W&lrkcr.  ■ 

^H        N»o „ 31-2     ....     11-86      ....      n  re  m 

^B  4SiO»    1240       ....       4711         ....         4&  71  ■ 

W  12HO    „ 108-0       ....       41-03  42'4J  ■ 

^^m  N*0  4SiO<  +  12Aq 263-2       ...     100-00         .,        lOOOO  I 
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One  ktom  of  eoda  may  be  fused  with  0  atoms  of  silicai  in  a  blast- 
furnace; with  15  atoms  it  merely  forms  a  caked,  semi-vitrefied  mass. 
(MiUiolicrlich.) 

e.  With  3C  alonu  0/ Silica. — Freshly  precipitated  silica  is  dissolved  in 
a  boiling  concentrated  solution  nf  carbonate  of  soda;  the  solution  filtered; 
and  tlio  precipitate  which  forms  on  cooling,  tliorooghly  washed  vith 
boiling  water.  (Forchhammer,  Po<;g.  35,  343.) 

Ignited.  Forchluminer. 

NaO 3J2     ....       2-72        274 

36SiO= moo     ...     97-28        97-26 


N»0,36SiO»  ....    U47-2 


100-00 


Dried  ia  vacuo. 

NaO    31-2     ....       2-641 

S6S10=    1U6-0    ....     94-32J 

4UO    36-0     ....      3-04 


+  4Aq 1183-2 


100-00 


100-00 

Forchhammer. 

96-37 

3-63 


10000 


Glau. 

Glat»  is  a  mixture  of  silicate  of  potash  or  soda,  or  of  both,  witli  one  or 
more  silicates  insoluble  in  water,  as  silicate  of  baryta,  slrontia,  lime,  mag- 
nesia, alumina,  protoxide  of  nmngauese,  protoxide  of  iron,  sesquioxide  of 
iron,  and  oxide  of  lead.  Pure  silicate  of  potash  or  soda,  or  a  mixture  of  J 
the  two,  even  with  a  sufficient  quantity  of  silica  to  form  a  very  infusible 
class,  would  still  bo  attacked  by  water  and  acids.  Silicate  of  lime  is 
likewise  acted  on  by  acids;  but  a  mixture  of  it  with  silicate  of  potash  or 
tioda  resists  their  action.  Such  mixtures  of  silicate  of  soda  or  potash  with 
silicate  of  lime,  &c.,  arc  more  fusible  than  the  simple  salts,  and  require  a 
gmallcr  amount  of  silica  to  render  them  capable  of  resisting  the  action  of 
water  and  of  acids.  They  contain  between  2  and  3  atoms  nf  silica  to 
1  atom  of  ba'-e,  and  .^till  less  when  alumina  is  also  present.  The  glass  uiJ 
more  infusible,  and  uffers  greater  resistance  to  the  action  of  water  and  of 
SCidn,  the  larger  the  pruportiiin  of  silica  and  alumina  it  c^ontains;  it  is 
more  easily  fui?e<l  and  attacked  by  water  and  acids,  the  greater  the  excess 
of  potash,  suda,  baryta,  lime,  magnesia,  or  oxide  of  lead  which  it  contains; 
KB  excess  of  the  last-mentioned  oxide  renders  it  particularly  fusible,  of  a 
high  specific  gravity,  soft,  easily  scratched,  and  corroded  by  acids.  Ac- 
cording to  Daudriniont  &  Pelouze  {J.  Cliirn.  Med.  9,  277),  tiie  lustre  and 
refractive  power  of  gla>-s  increase  with  the  atomic  weight  of  the  ba 
<  !   in   it;  thus,  those  qualities  are  possessed  in  the  highest  degree 

i  .lass,  next  by  baryta-glass,  next  by  potash-glass,  and  least  of  all 

by  iuj:i-;;ln8s. 

The  following  substauces  yield  the  ingredienta  necessary  for  the  for- 
mation of  glass. 

Silicii;  Ground  quartc  or  6int,  or  quartx-sand,  which  ia  sometimea 
treated  with  hydrochloric  acid  to  free  it  from  adhcriug  sesquioxide  of  iron. 
— I'otatJt:  Crude  pola.>-h  and  wood-ashes  (this  likewifo  yields  lime  and  ses- 
quioxide iif  iron). — Soda:  Carbonate  of  soila;  sulphate  of  soda  with  char- 
coal (which  decomposes  the  sulphuric  acid);  native  and  artificially  |)re- 
parcil  (uda  (which  at  the  same  time  yields  lime) ;  common  salt,  by  which 
the  potash-glass — liroduccd  by  using  carbonate  of  potash — is  converted 
ialo  mda-gteca  ana  chloride  of  potassium. — Baryta:  Heary  apar  mixed 


S7d 


eiLiCtCM. 


^ 


with  eliAMMi],  or  aarbaaato  of  baryta;  rarely  (Mnploy«d.     Aeoonlu^ 
BaadrimoDl  and  P«loaM,  one  atom  of  heavy  »|iar,  with  3  atomi*  of 
phiito   of  HOila  and   4   atoms   of   cburcual,   yields  a   peculiarly   briP 
tuaiblr,  and   e;i«ily  worked  glass,  reiiemliling  Cryttiil. — 70  )>iu-t8  { 1 
of  oarbuuatf    of   potanh.  5-t    part)    (1    atuui)    of    carbonate   of  soi 
parte   (I   atom)   of  carbonate  of  baryta,  and    '22-t    part««    (7 
eilica  yiidds  a  very  transparent  giasei  which  scratches  window  gla«s, 
bereiner,   Poyg.  15,  243.) — Strontia:  Sulphate  of  sfrontia  with  o' 
or  corbonnttt  of  Ktruntiu.      70    parts   (1   atom)   of  carbonate  of 
54  parts    (I  aloiu)  of  carbonate  of  eoda,  74  parts  (1   atom)    of  carl 
Date  of  »tr*»ntia,  and  224  ]iart«  (7  atoms)  of  tiilica,  yield  a  reiuarkalii; 
beautiful   glass,  apecifically   heavier,    more    refractive,    and    much   mo; 
fusible  limn  crown  glass.  (Dolwreiner.) — Lim^:  IJme,  after  being  bumi 
and  blakeil  to  powder;  chalk  marl  (which  aluo  yields  alumina) ;  wood  aa\iva\ 
the  eame  exhausted  with  water;  crude  soda. — Oj-uL  of  lead :  Lithar^j 
minium,  white  lead,  or  I  atom  of  g.ilena  with  3  atoms  of  sulphate 
eoda.    whereby    4   atoms   of   sulphurous   acid    are   evolve<L — Alamiiuti 
Qiiartzsind  containing  clay,  marl,  felspar,  basalt,  magnesiaQ  limestooe, 
pumice-stone,  and  other  minerals  containing  silicato  of  alumina  ami 
alkali ;  they  must  not  however  be  added  in  too  large  quantity,  becani« 
the  prMCDCD  of  too  much  alumina  produces  in  the  glass  a  tendency  to 
•ryctalltM.    The  mass  of  fu«ed  glass  also  dissolves  alumina  from  the  pott. 

Oriditing  a<7<r»i<«— such  as  nitre,  arseoious  acid,  and  peroxide  of 
gancse— are  added  in  the  preparation  of  white  glass,  partly  to  oxidize  the' 
carbon  contained  in  the  wood-ashes  or  soda — which  would  render  the  glMi 
brown;  partly  to  convert  the  protoxide  of  iron  into  ecsquioxitle,  inaamnoh 
t6  a  quantity  of  iron  which,  in  the  state  of  protoxide,  would  give  the  gUst 
a  dark  bottle-green  colour,  will,  if  converted  into  sesquioxide,  impart  to  it 
a  light  yellow  tint  of  much  less  intensity.      If  too  much   sesquioxide  of 
manganese  is  added,  so  that  the  carbon  and  the  protoxide  of  iron  caonoij 
re<luce  it  all  to  the  ulate  of  protoxide,  which  dissolves  iu  the  gXass  withoai 
producing  any  colour,  a  |Kirtion  is  takeu  up  in  the  st^ile  of  susqoioxide^ 
and  stains  the  glass  red;   an  excess  of  arseuioua  acid  imparts  a  wbi 
turbidity  to  the  glass. 

SSnl'it'tneet  <\iujsii>tt  tm-huiiii/.     Bono-ash  produces  a  milkineas  in 
glass:   Bime-fflasf.     Binoxide  of  tin  renders  lead-glaaa  opaque :  FnnvuL 

Colouring  a<;mU.      Blood-red:    dinoxide    of  cop{>or.      Carmine-red; 

purfde  of  Cassius.      Violet-rod:  peroxide  of  manganese.     Blue:   oxide  of { 

[joobalt,  protoxide  of  copi>er.     Grwn:  the  same  8ubt^tances,  together  with 

•esquioxido  of  iron:  K'squioxido  of  chromium.     Yellow:  oxide  of  anti- 

niODV,  sesquioxide  of  iron.     Yellow  with  a  greenish  lustre:  8est|uioxide  ut\ 

p  araniuin. — Aveuturine  ghiss  contains,  ac^'ording  to   Wiihler  {Po<t^.  58, 

■66),  fine  octohedral  segments  of  metallic  copper.  ( Vid.  Aventurin  ffiau,. 

*p.  381.) 

The  above  ingredients,  pulverized  and  mixed  iu  the  proper  propor- 
tions, constitute  the  G/<iM-t'rct.  This  is,  in  most  ca.ses,  first  exposea  in 
the  Frtt-oven  to  a  gentle  heat,  which  oxf>els  water  and  part  of  the  car- 
bonic acid,  and  diminishes  the  subsequent  swelling  or  frothing  up  of  ths 
mass.  It  is  then  put  into  large  crucibles  called  glass-pots,  made  of  xtij 
refractory  cJav,  six  of  which  are  commonly  nrmnpod  on  Icilges  in  a 
circular  or  oluong  furnace,  and  exposed  to  a  continually  increasing  heat 
Jor  twelve  or  more  liourn,  till  the  mass  becomes  free  from  buhblcs,  quarti-  ^ 
Kaoulos,  and  streaks  (arising  from  portious  of  glass-gall  still  remaining  | 
la  it).     Chloride  of  potassium,  chloride  of  sodium,  sulphate  of  potaj£ 
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•sd  mlphsto  of  eoda  float  on  the  larfeoe  in  the  form  of  a  thin  fluid 
atnitum,  which  is  skimmed  oS*:  tbo  eoura  ia  called  Glau-ijall,  or  Sandivir. 
The  glass  is  then  funutsl  iutu  the  required  shapes  and  afterwanls  cooled 
from  a  red  heat,  as  alovlj  as  possible,  in  the  A  nntaling  farnace. 

BottU-gltwt. — Specific  gravity  about  2-732;  very  infusible,  on  account 
of  the  small  proportion  of  potash  and  soda  and  the  largo  (junntity  of 
alumina  which  it  contains. — a.  From  Souvignj/:  Prepared  from  quartz- 
sand,  marl,  elutriated  wood-ashes,  and  a  small  quantity  of  common  salt. 
The  phosphoric  acid  present  in  the  glass  arises  from  the  phosphate  of  lime 
in  the  wood-ashes.  (Berthier.)  Its  composition  is  nearly  3^CaO,  2SiO')-J- 
AlK)',  SiO'. — 6.  From  St.  Etienne:  In  the  preparation  of  this  glaes, 
heavy  spar  is  employed.  (Berthier.)^-*;.  From  Gpiuac :  Prepared  by 
•hnply  fusing  together  two  diiforent  kinds  of  sand,  one  of  which  contains 
6l*7  j>er  cent,  of  carbonate  of  lime,  356  of  carbonate  of  baryta,  and  1'2 
of  clay;  the  other  (a  mixture  of  quartz-sand,  and  felspar),  6  per  cent,  of 
potash,  2  of  sesquioxide  of  iron,  0'7  of  sesqnioxide  of  manganese,  li 
of  alumina,  and  80  of  silica.  (Berthier.) — d.  From  Sevres:  This  glass 
is  with  difficolty  reduced  to  a  white  moss,  neither  crystalline  nor  fibrons 
in  its  texture.  (Dumas.) — e.  Of  nnknown  origin  :  Easily  converted  into 
fibro-crystalline  Reaumur's  porcelain.  (Dumas.) 

Pale-ijrefu  Gleui  uied  for  medical  boUUs  and  chfmieal  apparatua. — 
Hard;  bears  changes  of  temperature  belter  than  white  gla«s.  a,  b,  c,  <tt 
an  four  Frenoh  varieties  analyzed  by  Berthier,  J 

Boltle-glati.  Glaafor  medical  bottle*. 

o,  h.  c.  rf.              e.             a.  b.  c.  u. 

KO _>  ,,,  ,.,  /  3-2  6-*8          61        10-6  10'5  80 

N»0  ...  (  »»  3*  I  3.0  lC-4 

BaO   ...  0-9 

C«0  .  .    22-3  20-7  180  29-22        281         100  16-2  1.10  15-6 

MgO  ....  0-6  7-0  00  2-3 

MaO ....     1-2  0-4  0-3  12 

r.rO»  ..     40  3-8  ii  5-74          62           15  2-5  1-6  0-7 

AFO«   ..     8-0  104  6-8  6-01         140          30  4-5  36  2-4 

SiCH   ...  600  60-4  59-6  &3-5S        456         716  62-5  69-8  62-0 

PO*    ...    0-4 

99-0    100-0        99-4      10000      100-0        97-0        974        994        993 

Window-<flaf*. — Approximately,  NaO,  2SiO'-(-Ca0.2SiO'.  o  to  / 
French;  17  En;j;linh.  /'iiikI  ij.  the  iiardest  and  most  infusible;  h,  the  next; 
d,  the  softest  uud  most  easily  fused  of  the  whcde.  In  France,  a  mixture 
is  used  of  100  i>aKi<  of  quartz-sand  with  between  30  and  40  jwirts  of  dry 
boiiate  of  soda  'or  as  much  sulphate  with  charcoal)  and  3U  to  40  parts  J 
carbonate  of  lime.  (iDumae.)  ^ 

a              b.               e.  tl.             €.  /.  g. 

N«0  15-22  11-30  12-88  i;-70  13-7  lO'l  \\l 

C»0   13-31  17-25  1617  965            78  143  12-5 

APO»  1-S2  2-20  2-40  400  100  7-6  7-4 

610» 69-05  69-25  68.55  68-65  685  080  690 

lUO'OO         100-00         10000        100-00         1000         100-0        1000 

Orrman  Window-ghiu  gonerally  consi.sta  of  a  donblo  silicate  of  lime  and 
poti>"h,  f  (/.  100  parts  of  quartz-sand,  50  parts  of  pearl-ash,  from  25  to  30 
MrtK  of  chnlk,  and  2  parts  of  nitre.  In  many  mixtures,  however,  common 
Mt  is  an  ingredient;  or  it  is  really  a  GlavMfi  vxli  glaMj-^VA^Ja.  ■aKRWt'k^'^% 
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to  Gehlen  is  prepared  witb   100  pnrta  of  qnartz-sand,  50  parta  of  Aij 
Glauber's  salt,  17 "5  to  20  parts  of  lime,  and  4  parts  of  charcoal. 

French  Mirror-glau.—SpeaRc  gravity,  2-488  ...  2'506.  CouUiniug 
about  2(NaO,  3SiO')  +  CaO,  3SiO'.  The  variety  a  examined  by  Bertbier, 
b  by  Tassaert,  c  and  d  by  Dumaa.  All  the  varieties  have  a  bluish  tin^e 
arising  from  the  soda  (d  the  least)  ;  potash-glass  is  free  from  this 
defect. 

Venttian  Minor-glast.—Conixnmng  about  KO,  3SiO'4-2(NaO,  3SiO') 
-(-3CaO,  2SiO';  <  obtained  from  an   old   mirror  having  a  yellow  ting 
(Berthier.) 

Boheviian  Glass. — Specific  gravity  2'3!I6  ;  containing  about  2(Kfl 
3SiO')-(-3(CaO,  3SiO');— /■  obtained  from  a  goblet  from  Ncufeld 
Bohemia,  trinsparent  and  colourless  (Berthier); — g  from  Ncufeld  (Ore 
h  from  an  old  cup  of  Bohemian  glass,  perfectly  transparent  (Domasjj 
t  ordinary  Bohemian  glass  (Peligot.) 


KO 

NaO 17'0 

CaO 6-4 

MgO    

M»0  )  ... 

JtfO*  f  *  ' 

APO»  2CI 

H0« 720f 


170 
6  0 

10 

;so 


17-5 

3-8 


<   2- 
l7.V 


2-8 
9 


i/. 

5-50 

1205 

6'CO 


.•J-50 
;3-85 


e. 

6-9 
81 
110 
21 
[01 
■2 
12 
68-6 


fOl 

to-2 


/• 
12-7 

2-5 
10-3 

0-2 

0-3 

0-4 

71-7 


V- 
110 

100 
23 
0-2 
39 
2-2 

71-6 


A. 
11-8 

9-2 


9-6 
69-4 


15 


99-1     lOO'O     100-0     100-50    98-2     98-1     101-2     1000     100     lOO'O 

i.  EnglM  Crown-glass,  of  specific  gravity  2-487,  has  a  composition 
aimilar  to  that  of  Buheuiian  glass. 

Cryslal-glms. — Specific  gravity  2-9  to  3-255.    From  tersilicate  to  tet 
silicate  of  ox i tic  uf  [cad  and  potue^li.     Pure  silicate  of  lead  is  yellow;  ' 
■when  it  is   combined  with  a  sufficient  rpiantity  of  silicate  of  put.i£h, 
mixture  is  colourless. —  CrvBtal-plass  is  obtaiucd  from  100  parts  of  pa 
quartz-sand,  60  to  TO  jiarts  of  minium  or  litharge,  and  30  to  40  parts  < 
purified  pearl-iifsh;  t^onietimes  au  addition  is  made  of  4  parts  of  borax, 
parts  of  nitre,  0-l.J  parts  of  arscnious  acid,  and  0'2  parts  of  peroxide  of 
manganese. 

a.  Londun  C'ri/nlal-glass. — Transparent  and  colourless;  used  in  the 
construction  of  philosophical  inntrunients;  contains  about  2(K0,  4SiO') 
4- 3(rbO,  4SiO-);  examined  by  Berthier. 

b.  From  Voniihe  in  Belgium;  KO,  4SiO»  +  2(PbO,  4SiO')  iw«uply. 
(Berthier.) 

c.  From  Newcastle;  2(K0,  3SiO')  +  3PbO,  3SiO»),  nearly.  (Bci- 
thier.) 

d.  Origin  unknown;  2{KO,3SiO')-fCaO,3SiO'-f  3PbO,  3SiO' ne 
analyzed  by  Dumas. 

f.  From     England;    KO,  3SiO'+ PbO,  3SiO»    nearly;    analyzed 
Faraday. 

Flint-gl(i»$. — Bisilicate  of  lead  and  potash,  prepared  from  tha 
materials  that  can  bo  obtained  :  for  example,   100   parts   (5t^uar 
oijwrts  of  carbonate  of  potash,    100  parts  of  minium,  3  parts* 
for  U-'i  ]>arts  of  ar&enioiis  ncid,  and  0-2  of  peroxide  of  manganese.     Gl, 
grouut-glass  has  a  specific  gravity  of  3-3  to  3-6;  Fraiienhofer's,  a  «|| 
jfl  it).  *7  of  3-77.— o.  Flint  glass  examined  by  Faraday,     h.  Guind 
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flint-glass,  analyzed  by  Dumas,  =  2(K0,  2SiO»)  +  3(PbO,  2SiO').— D6- 
bereincr  {Schui.  54,  424 )  recommends  the  proportions  uf  1  atum  ui  potaah 
to  2  atoms  of  oxide  of  lead  and  7  atoms  of  silica.  Faraday's  flint-glass 
{Po'jij.  18,  J15),  specific  gravity  =  5'44,  has  a  very  different  composition, 
beini;  a  compound  of  oxide  of  leail  with  silicic  acid  and  boracic  acid. 

The  Mentz  Flux  or  Pierre  de  Strass  used  in  the  formation  of  artificial 
geniB,  consists  of  flint-glass  with  a  smaller  proportion  of  silicate  of  potashj 
prepared  likewise  with  the  purest  ingredients:  eg.  100  parts  of  quartz  or 
rock-crystal,  .32  to  52  parts  of  hydrate  of  potash  purified  by  alcohol 
(III.  13),  154  to  157  parts  of  minium,  or  171  parti  of  pure  white  lead, 
6  to  9  parts  of  borax,  i  to  -j^  p.  c.  of  arsonious  acid.  Dum.^s  analyzed  tho 
Straus  manufactured  by  Donault-Wciland,  the  composition  of  which  is 
nearly,  KO,  2SiO'-t-3(PbO,  2SiO'.) 
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The  flint  glass  h  contains  also  a  traco  of  arsenious  acid,  and  the  Strau 
a  trace  of  borax  in  addition. 

T  Aventurine  Glass. — A  brownish  coloured  glasf,  interspersed  with 
small  spangles,  which  give  it  a  peculiar  shining  appearance.  This  glass 
«ra«  formerly  employed  in  the  aria  and  for  ornaments,  and  its  manufac- 
ture was  kept  secret.  Oahn  has  observed  that  the  spangles  consist 
metallic  copper  crystallized  in  the  form  of  flat  segments  of  a  reguL 
octohe<lron.  {Ann.  P/tarm.  45,  134,  1843.)  Fremy  and  Clemandot  have 
Buccecde<l  in  preparing  this  glass  by  fusing  together,  for  12  hours,  a 
mixtnro  of  3U0  ]iarts  of  pounded  glass,  40  i>art6  of  co]>per  scales  an<l  80 
parts  of  iron  scales,  and  afterwards  cooling  tho  mixture  slowly.  The 
glass  thus  obtained  was  somewhat  dull,  but  contained  copper  diffused 
through  it  in  octohedrul  crystals.  (Compt.  rend.  22,  339.) 

Kuby-fflatt,  containing  Gold. — Splittgerber  {Pogg.  61,  144)  gives  the 
following  proportions,  a^  affording  an  excellent  glass  of  this  kind:  3  lbs. 
4j  oz.  of  fine  white  quartz,  1  lb.  14  oz.  of  nitre,  2b'  oz.  of  pure  white  soda 
(liydintet),  8  oz.  of  cTrbonate  of  lime,  4  J  oz.  of  arsenious  acid,  9  oz. 
of  minium,  8  oz.  of  oxide  of  antimony,  and  the  solution  of  a  German 
durat,  weighing  3-41  grammes,  in  oqua-rcgia.  The  gold  solution  is  first 
jK)ure<l  info  the  sand;  the  remaining  ingredients  then  added,  and  the 
whole  put  into  a  glaiw-pot  and  exposed  for  more  than  3  hours  to  a  whit« 
hcftt.  This  method  differs  from  former  ones,  in  not  having  any  purple 
uf  Cassius  or  oxide  of  tin  added,  those  materials  having  hitherto  been 
always  considered  necessary.  The  glass  thus  obtained  is  perfectly  oolour- 
Ic^jt, '))ut  on  being  heated  to  a  temperature  of  500',  ns^tunu's  uu  iiitouso 
ruby  colour.  The  colour,  when  once  produced,  cannot  bo  again  de-lroyed 
by  exposure  to  heat,  cvi-ii  in  an  otmosidiere  of  o.xygeu  or  hydrogen,  or  in 
a  close  crucible  surrounded  with  Mind,  powdered  charcoal,  or  oxido  uf 
ucc,  or  by  throwing  the  glues  iulo  a  flux  of  nitro  or  chlorate  of  potash; 
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before  tbe  oxyhydrojB^n  blow-pipe,  faowev«r,   it  locea  ita  eoloir,  bet 

regains  it«  ori^'iuol  tint  on  cooliog  aud  subsequent  cxpoaim  to  bciL 
SplittgcrWr  accounts  for  the  peculiarities  of  this  glas8,  by  tMsuning  tbet 
tko  gold  in  tlif  colourless  variety  is  in  tlic  fonn  of  oxide;  and  thtt  wb«n 
heated  a  second  time,  it  is  couvorteJ  into  tbe  ruby-colonrcd  oxide  descritied 
by  Bcrielius,  in  consequence  of  a  portion  of  it^ioxyonen  combining  with  one 
or  more  of  the  other  substances  present  — probably  with  tbe  autiaioaioM 
)  •old.  The  slight  incrc4ise  in  bulk  consequent  on  the  second  heating, 
to  be  in  favour  of  this  view.  Splittgerber  likewise  snooeeded  ia 
jning  a  coloured  glass  with  purple  of  Cassius,  but  of  u  violet  nUlMf 
a  ruby  tint.  Huso  (fot/f/.  72,  5;J6)  gives  the  following  proportioM 
for  mby-colonred  glass:  4fl  lbs.  of  fine  quartz,  12  lbs.  of  borax,  12  il'<. 
of  nitre,  one  lb.  of  minium,  1  lb.  uf  white  arsenious  acid,  and  a  solutiuJ) 
of  8  ducats  in  aqiiii-regia.  'i'be  whole  is  then  mixed  and  fused  as  before. 
The  resulting  glass  is  colourless,  but  when  again  heated  to  rodnen 
acquires  a  ruby  colour;  Rose  has  likewise  observed  that  the  red  colour  is 
produced,  whether  the  glass  is  heated  in  atmospheric  air,  oxygen,  or  oar- 
oonic  acid  gas.  By  exposure  to  a  heat  ul  which  it  softens,  it  becomM 
opaque  ana  liver-coloured.  When  it  is  fused  before  the  oxyhydpogea 
blowpipe,  colourless  drops  are  obtained,  which  Kose  coubl  not  again 
obtain  of  a  red  colour  by  heating.  Rose  is  of  opitiion  that  the  colourles 
elass  contains  xilicute  uf  gold,  and  that  this  compound,  when  heated,  is 
decomposed,  with  reparation  of  oxide  of  gold,  which  imparts  ibo  red 
colour  to  the  glass;  moreover,  that  the  liver-coloured  glass  probably 
contains  metallic  gold. 
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a.  Aventurine  from  Venice,  analyBod  by  Gahn. — h.  Analysed  by 
Peligot. — c.  Ruby-glass,  analysed  by  Splittgerber,  the  gold  found  bi 
experiment  amounting  to  less  than  oue-half  the  quantity  per  cent,  nddeq 
—d.  V'euflian  ruby-gla.ss,  in  the  form  of  round  flattened  masses,  distifl 
grtiished  from  the  ordinary  varieties  by  being  very  fusible,  and  net  loain, 
its  red  colour  when  melted;  analysed  by  B6bnie.  l^AVdm,  its  March.  J.  31 
335.)  IT 

Enamel  is,  for  the  most  part,  a  double  silicate  of  lead  and  potash 
rendered  opaque  by  biuoxide  of  tin.  In  one  specimen  of  enamel,  Duma 
found  «-3  per  cent,  of  potash,  50-3  of  osido  of  load,  0  8  of  binoxide 
til),  and  31 '6  of  silica.     Antimouioos  or  arsenious  acid  produoM  a  amili 
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effect  to  tie  biooxiJe  of  tin.  By  a<IJing  colouring  agents,  principally 
metallic  oxides  (III.,  378)  to  wLilo  euamel,  the  colourtHl  varicticH  are 
ol>taiuo(L  [See  Wiicbter  (Ann.  Fhiiriii.  69,  99)  ou  porcelain  culours  for 
euauicl,  \-c.J 

[On  the  subject  uf  glii«M,  see  more  particularly:  DumM,  Ann.  Chim. 
Fhy*.  •»4,  H4;  also  J.  J  harm.  1«,  67.5;  fcirtlier  in  bis  Uandh,  d.  angen, 
Chani«.  2,  679; — Beilbior,  Ann.  Chiiit.  J'/iyn.  4i,  433.] 

DeeomposUion  of  Glati. — 1.  Water  extracts  potaeh  or  soda  from  glasa, 
to|;cther  with  a.  portion  of  silica,  the  decomposition  taking  plac«  with 
irrenler  ea.se  in  proportion  a.s  the  glass  is  nchor  in  tliesc  alkalis  and  more 
niinutt'ly  divided,  and  the  temperature  of  the  water  higher.  The  powder 
filed  ofl'  from  a  tulie  of  white  glass  reddens  nioisteneil  turmeric-paper. 
(Bischof,  Kattn.  Arch.  1,  443.)  Finely-pounded  plate-glass  acts  in  a 
•imilMrninnncr.  (Faraday. /^o^^.  18,509.)  Water  triturated  with  pounded 
glaMS  in  an  agate  mortar  becomes  alkaline,  and  on  the  addition  of  sal- 
ammiiuiac  deposits  flakes  of  silica.  (Fuchs,  Kaslit.  Arch.  5,  3d(i.)  Water 
bcconica  nlkuliiie  after  long  digestion  with  glass  at  a  boiling  heat,  and 
likewise  turbid  from  separation  of  an  insoluble  compound  of  silicic  acid 
and  lime.  (Dumas.)  An  alkaline  reaction  is  exhibited  by  the  jiowder  of 
b«ittle-gl»ss,  and  of  Reaumur's  |>orcelain  formed  from  it;  of  pliite-glafis, 
crowM-gla.«i,  flint-gluhs,  and  white  enamel.  After  sullicient  washing,  it 
no  longer  reddens  turnieric-pa|>er,  unless  it  be  recrushed  in  a  mortar. 
100  parts  of  tinely-dividcd  flint-glass  boiled  for  a  week  with  water,  losa 
7  parts  of  ]>otash,  which  may  be  obtained  in  the  solid  slate  by  evapora- 
tion. (Griffiths,  Quart.  J.  of  S'c.  20,  258.)  The  moisturo  in  the  atmo- 
sphere produce*  a  similar  alternliou,  .■separating  the  potash  and  soda, 
and  leaving  the  greater  part  of  the  silica  with  the  lime  on  the  surface 
of  the  glass :  glass  thus  decomposed  often  exhibits  prismatic  colours  on 
its  surface.  Sometimes  this  superficial  decomposition  is  scarcely  visible; 
but,  on  wanning  the  glass,  numerous  fine  scales  peel  off,  and  leave  the 
finrface  <lull,  opaque,  and  wrinkled.  This  fault  shows  itself  in  gla«a  to 
which,  for  the  sake  of  economizing  fuel,  too  small  a  ijuantity  of  silica  bafl 
been  adde<l.  The  pearly  stratum  with  which  specimens  of  antii^ue  glass 
found  buried  in  the  earth  arc  covered,  consists  almost  wholly  of  silica. 
(Griffiths.)  Glass  which  has  lain  in  a  pit  at  least  ten  feet  deep  in  the 
ground,  is  soft  when  dug  up,  and  may  be  bent  and  indented,  and  even 
cut  in  two  with  a  knife  [hydrate?];  out  after  exposure  to  the  air  for  a 
few  hours,  it  again  hardens, — and  if  it  has  been  previously  bent  or 
twisted,  it  liecoines  very  brittle,  like  unannealcd  glass.  (CoUadon,  J.  Chim. 
Med.  16,  579.) 

2.  All  kinds  of  glass  are  corroded  by  hydrofluoric  acid,  with  formft* 
tiou,  partly  of  fluoride  of  silicium,  partly  of  the  double  fluorides  of  sili* 
cium  aud  potassium,  sodium,  calcium,  &o.  A  hot  concentrated  solution  of 
phof-phoric  acid  likcwi!<e  de<-ompose8  every  variety.  Glass  which  is  poor 
in  filica  is  alUvckcd  by  boiling  oil  of  vitriol;  and  glass  of  yet  inferior 
quality — that,  namely,  which  becomes  dull  on  exposure  to  heat  (Dumas) 
—is  acted  on  by  boiling  hydrochloric  and  nitric  acids  and  aqua-rcgia  (a 
dull  BfH)t  remaining  after  evaporation  of  the  acid).  (Uerzcliux.)  The 
BitidB  dissolve  out  potash,  soda,  lime,  and  other  bases,  and  separate  the 
BBica.  On  jK)und''il  ^.'hi-y  they  act  xvith  much  greater  energy.  From  pul- 
viirizcd  flint-gl:i  .'  hyilroehloric  acid  extractjj  pota^h  only,  not  the 

oxide  of  load.   :'  ■  i     Many  kinds  of  bottle-glass  which  resist  the 

odiou  of  aootic  aoid  are  deoomposed  by  the  atrongoi  mineral  acids;  tbu« 
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a  bottle  filled  with  snipharie  acid  will  sometimes,  at  ordinary  tetofm- 
tures,  gradually  become  covered  with  warty  depressions,  whicb  at  Uat 
penetrate  through  the  substance  of  the  glass.  (Dumas.)  lu  distilling  hydro- 
chloric acid  from  a  green  glass  retort,  Hess  {Pogg.  20,  540)  obtained  i 
crystalline  sublimate  [1]  of  silica,  while  chloride  of  potassium,  sesquioxide 
of  iron,  and  silica  were  dissolved.  Many  anhydrous  salts  of  auimouii 
containing  the  stronger  acids,  also  attack  glass — especially  lead-glas^ 
when  heated  in  contact  with  it;  such  is  the  case  with  a  mixture  of  hydro- 
chlorate  and  nitrate  of  ammonia  (Siliiman),  or  with  sulphate  or  biaulphste 
of  ammonia  (Marchaud,  Pogg.  42,  556.) 

3.  Solutions  of  potash  and  soda  dissolve  out  the  silica  of  g1 
4er  ease  in  proportion  to  their  temperature  and  degree  of  concent: 

;ion.  Even  at  ordinary  temperatures,  the  alkaliue  liquid  partially 
dissolves  the  glass  bottle  in  which  it  is  preserved,  frequently  causing  it 
to  crack  (III.,  14).  Even  ammonia  attacks  many  kinds  of  glass;  a  bottle 
mailo  of  flint-glass,  and  containing  a  solution  of  carbonate  of  ammonia, 
became  so  fragile,  that,  on  shaking  it,  pieces  of  glass  were  detached. 
(Griffiths.) 

4,  Glass  containing  oxide  of  lead  blackens  when  heated  in  the  fl.<une 
of  a  lamp  or  in  hydrogen  gas,  from  reduction  of  the  oxide  of  lead — aud 
when  hc.ited  in  sulphuretted  hydrogen,  from  formation  of  sulphide  of  lead. 
From  this  cause,  Guinaud's  flint-glass  becomes  tarnished  in  dwelling-houses. 
(Faraday.)  A  bottle  made  of  French  glass,  in  which  hydroaulphite 
ammonia  had  been  kept,  acquired  a  metallic  lustre,  from  formation 
sulphide  of  lead.  (Bischof,  Br.  Arch.  17,  242.) 
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Crgstallized  or  Devilrified  Glatt. — a.  Many  kinds  of  glass,  when  slowV 
cooled  in  the  pots,  separate  into   two  portions,  the  one  crystallizing  i 
opaque  prisms  and  needles,   the  other  retaining  its  vitreous  character, 
According  to  the  following  analysis  of  Dumas,  ii  appears  that  the  portion 
which  crystallixes  gives  up  soda  to  that  which  remains  in  the  vitreous 
state. 

Crystallued  portion.  A'itreoiu  portion. 

NmO 14-9  19B 

CaO 120  120 

A1'0»    4-9  3-5 

SiO« 68-2  64-7 
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h.  Heaumur't  Porcelain. — Many  kinds  of  glass,  after  exposure  for 
several  hours  to  a  heat  at  which  they  become  soft, — in  a  potter's  furnace, 
for  example — jiaas  into  a  con<lition  resembling  porcelain.  Bottle  glus 
is  the  most  disposed  to  undergo  this  change,  doubtless  from  the  greater 
quantity  of  alumina  which  it  contains;  next  in  order  is  the  more  common 
sort  of  green  window  glass;  white  glass  rich  in  lime  is  also  liable  to  tbt 
change,  but  not  pure  silicate  of  potash  or  soda,  or  lead-glass.  (Lew 
Dartigues.) 

The  devitrification  lakes  place  equally  well  if  the  gloss  veesela  nn 
surrounded  within  and  without  with  an  infusible  powder  or  cement, 
prevent  thcni  from  losing  their  shiipe — e.  g.,  sand,  a  mixture  of  sand  ftlli 
gjrpsum,  l)oneash,  clay,  powdered  bricks,  lime,  sesquioxide  of  iron,  char- 
coal, or  soot — as  when  they  are  heated  by  themselves;  but  iu  the  former 
case,  a  longer  time  is  required.   (Lewis,  Dartigues,  Morveau.) — It  occui 
also  in  a  similar  manner  with  glass  enveloped  in  a  lava-stream.  (Morveau 
This  cliango  may  either  be  regarded,  according  to  Dartigues'  eappositioi 
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as  ariAiug  simply  from  the  ainorpboua  glass  passing  without  change  of 
composition  into  tho  cryatallino  state — tho  long  continued  state  of  soft- 
ne«>  ritrorJing  tho  atoinii  an  opportunity  of  uniting  together  in  crystalline 
molecules;  or  we  may  suppose  with  Lewis,  Morveau,  and  Dunm«,  that 
the  glasa  iu  undergoing  this  change  loses  a  portion  of  its  alkali,  which, 
when  the  glass  is  ignited  by  itself,  passes  off  in  vapour,  and  when  it  is 
surrounded  by  a  powder  during  ignition,  is  absorbed  by  tho  powder. 
Dumas  is  moreover  of  opinion  that  the  protoxidcji  of  manganese  and  iron 
present  in  the  glass  are  peroxidized  at  tho  same  time.  According  to  Lewis, 
the  sand  which  surrounds  the  glass  as  cement,  becomes  cnktd  together 
by  absorbing  alkali.  Dumits  found  in  a  devitritied  specimen  of  bottle 
glass,  only  i  per  cent.  <>f  |i(itiuih,  together  with  "iT'l  j>er  cent,  of  lime,  6'8 
of  the  sesquioxides  of  maiigunese  auil  iron,  12°0  of  alumiua,  and  o2'U  of 
silirji  [the  behaviour  of  Ilouuraur's  porcelain  in  fusing  is  also  in  favour 
of  this  theory.    i'tJ.  )e'/.]. 

In  this  change,  the  following  stages  are  to  be  distinguished:  1.  The 
g]tLSi  becomes  cloudy,  and  apj>ears  blue  by  reflected  and  yellow  by  trans- 
mitted light  (Lewis,  Fonrnet),  still  however  exhibiting  a  vitreous  Ir.ic- 
ture.  The  blue  colour  is  also  seen  at  the  fractured  edges,  and  conse- 
quently cannot  proceed  from  oxidation.  (Fournet.)  The  opacity  doubt- 
less arises  from  the  8C]i!kration  of  fine  particles  whose  composition  diti'era 
from  that  of  the  rc^t  of  the  mass.  Many  iron-slags  bebnvo  in  a  similar 
manner  (esptcinlly  the  double  sdicate  of  alumina  and  lime).  ]\Iany  slags 
which  appear  green  when  cooled  rapidly,  become  blue  within  and  yellow 
by  transmitted  light,  when  slowly  cooled,  even  if  they  are  green  on  the 
outside;  but  the  powder  again  assumes  a  green  colour.  This  fact  would 
appear  to  explain  the  action  of  the  test  which  is  employed  to  distinguish 
many  earths  and  heavy  metallic  oxides  by  tho  blowpi[ic :  viz.,  that 
the  bead  obuained  by  fusing  them  with  borax  or  microcosmic  salt,  remains 
clear  when  r.apidly  cooled,  but  becomes  turbid  and  opaque  by  exposure  to 
inUrrupUd  bliuU,  or  Jluming,  whereby  it  is  kept  for  a  lung  time  in  a  soft 
aUtO,  and  crystalline  compounds  are  produced  and  separated.  (Fournet, 
Ann.  C/iim.  J'ltyt.  70,  370;  also  J.  pr.  Chem.  2G,  321.) 

2.  After  this  stage,  white,  opaque  needles  are  formed,  proceeding  from 
the  inner  and  outer  surfaces  of  the  gloss,  and  finally  meeting  in  the  centre. 
Tho  surface  of  contact  is  often  marked  by  a  brown  line.  The  mafis  thus 
far  changed  is  Neaumtira  porcelain.  When  burnt  between  pipe-day  it 
baa  a  smooth  surface,  but  if  burnt  between  lime  or  bone-ash,  it  acquires 
a  rough,  wrinkled,  or  blistered  surface.  When  burnt  between  powdered 
charcoal,  its  surface  becomes  black  or  grey.  (Lewis.)  It  is  white  and 
nearly  opaque,  exhibiting  a  straight,  fibrous  texture  at  the  fractured  sur- 
face; it  is  sprcifically  heavier  than  glass,  and  so  hard  that  it  scratches 
gliua  and  sometimes  even  rock  crystal,  and  emits  sparks  with  steel;  it 
<Jo08  not  cnuik  so  readily  by  change  of  temperature  as  glass,  or  even  as 
porcelain,  and  couducts  heat  and  electricity  better  than  tho  former,  so 
that,  unless  insulated,  it  does  not  become  electrical  by  friction.  Unau- 
mur's  porcelain  may  bo  used  instead  of  ordinary  porcelain  in  the  fabrica- 
tion of  uteusils.  it  funes  with  much  greater  dilHculty  than  glass,  and  is 
thereby  converted  into  a  while  or  grey  enamel,  transparent  only  at  the 
(Klges — having  a  concholdal  fracture — harder  than  glass,  but  softer  than 
Rwiiunnr'*  ]iorcclaiii.  The  specilic  gravity  of  this  enamel  is  to  that  of 
tl.  Ml.-  before  fusion  ii«  2025  :  2'tiOl.    It  does  not  become  electrical 

li\  ,.  (Morveau.) 

d.  If  the  baking  bo  too  long  continued,  tho  threads  of  tho  iibroiu 
TOt,  ui.  "i  «i 
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•trnetnn  beoooM  M>piu»tod  bv  fl^nre*,  and  the  wbole  \a  ooav 
»  fiiie-^rraincHl  nnd  xnbscqnmtly  into  a  oonne-giuined  nuUB,  ktoM,  gujiiil, 
and  litill  iiii>rc  •lilticiilt  uf  fut'iuu.  Wh«B  tbe  poroel»iii  h»»  b«gm  to 
ohanK«  from  the  Hbrous  to  llio  granular  condition,  it  may  still  be  foml 
by  tlio  licat  of  a  forgo  into  a  pearly,  porous  mass,  which  poatain*;{i«gi 
^laMt  enclosed   within.     If  thp  ch<in;^o   to  the  fine-grained  oondii ' 

«)niplete,  it  fuses  to  a  sjwnjrv  miis»;  hut  when  the  coarj-o-grained      

firrircdat,  it  no  lonjrer  fu«e6,   hut  cuki  r  into  a  very  haT«l  m« 

bavioji;  n  dense   fracture.   (Lowii:,   flu.-  iil  Memnir$;   troiula 

into  Gemi'Mx  by   Kriiniti,   1.   425;  wimjwro  iiiso  Dartigue*,  Ann.  CVkiM. 
£0,  Sij;  »1m.ScAi«.  2,  \\2,  Guvton  Jdorrcao,  Ami.  Ch'im.  83,    113; 
Sdut.  2,  137.) 

B.  Cabboxatr  op  Silica  akd  Soda. — A  boilin;?  ai(aeN)Us  eoU 
carbonate  of  soiia  dissolves  moderately  ignited  silica  or  its  bydr 
lar;sre  <)uantitv,  and  deposits  it  again  in  a  );:clAtinous  form  on  ooolin<;.  (Pfaij 
tSchip.  2!>,  3h3,)  If  alumina  is  mix(Hl  with  the  silica,  it  remains  undil 
eolvril,  in  combination  with  a  large  portion  of  the  silica  and  with 
(Forchhamiuer,  Po<j<f.  3.9,  335.) 

C.  Silica  dissolves  in  fa«e<l  borax  slowly  but  completely,  forming  I 
dear  and  difficultly  fusible  glos^. 

D.  Microcogmio  ealt  dissolves  silica  but  very  slowly  wbcn  foaed  witli 
It  Iwfore  the  blowpipe;  the  l>ead  remains  clear  on  coolinjj.  The  portiw 
of  silica  which  remains  undissolved  has  the  fonn  of  a  transparent,  swoUeu 
mou.  (Borzelius.) 

E.  FLUoniDE  OP  SiLicrrM  amd  SonirM. — Formed  like  tbe  potaiwin 
compound,  by  mixinie;  hydrotluosllicic  acid  with  an  uqiieou<  solution 
soda  or  of  a  suda-salt  (Schcele,  Berzelius);  it  separates  with  greater  fa 
litv  than   the  above,   without   however  producing  rainbow   tint*.     TS 
gelatinous  precipitate  collected  on  a  filter,  crumbles,  on  drying,  to  a  whi 
powder;  and  its  aqueous  solution  yields  on  evaporation,  small,  shiniod 
probably  regular  six-sided  prisms,  perpendicularly  trnocated.  (Berzcliu 


Ma. 

Si  , 
SF  . 


Cr^stiUiied. 
23-2        24-60 
150         1391 
&C1        59-49 


Or, 

NiO    31-2  3S09 

SiO»    31-0  32-87 

3(F-0) 321  31-04 


KaF.SlF* 94-3      10000 


94-3       100-00 


It  fuses  before  ignition,  and  behaves  in  the  fire  like  the  double  flaori^ 
of  silicium  and  potassium;  but  it  gives  up  the  first  portions  of  fluoride  ( 
silicinm   with  greater  facility,  and  then  solidifies;  the  remainder  of 
fluoride  of  silicium  is  evolved  onlv  at  a  high  tempi-roture.      If  fragmefl 
of  carbonate  of  ammonia  are  projected  into  the  ignited  crucible,  the  flo 
ride  of  silicium  is  more  readily  evolved,  but  a  portion  of  silica  is  afw 
wards  found  in  the  residue,     rieaied  with  potassium,   it  is  resolved  in 
fluoride  of  sodium,  fluoride  of  iMilassinm,  and  pure  eilicium.      It  is  lireat 
posed   by  digestion    with  an   aqueous  sujntioii  of  borncic  jirid;  but 
silica  is  far  from  lieing  coinpletelv  scp.irntod.      \^  I.mI     "" 

aqueous  sfdutiou  of  carbouate  of  (^oda,  dccoinpoi;  '■»,€ 

acid  gAs  ig  erolved,  and  the  liquid  asfir  iitinuui  coii»t<toao>.    Iti 
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much  rnoro  aolnble  than  the  potassium  compound,  especially  in  Lot  n liter. 
Excess  of  acid  does  not  iucrwieo  its  solubility.  (Berzeliua.) 

F.  Fluoiudb  op  Sodium  containing  Silica. — Fluoride  of  godiuui 
fuses  witli  silica  at  a  temperature  at  wbicb  it  is  not  fusible  wben  alone. 
Tbe  uia<w  does  not  evolve  gaseous  fluoride  of  siliciuin  ata strong  red  heat. 
(Ucrzelius.) 

0.  SoLUDLE  Glass  coNTArNrNo  Potash  and  Soda. — A  mixture  of 
one  atom  of  carbonate  of  jiotosh  and  one  atom  of  curbonute  of  soda  fueea 
with  six  atoms  of  silica,  at  a  gentle  red  heat,  forming  a  transparent  gla.M, 
which,  when  reduced  to  powder,  diBsolves  in  boiling  water,  forming  a 
solution  thinner  than  that  of  the  potash  soluble  izlass.  (Dobereiner,  /V/'/. 
15,213.)  '•' 

SiLICnJM   AND   LiTBICM. 

FLPoniDE  OP  StLicniM  and  Litqium. — LF,  SiF'.  Crystallines  from 
a  soluliuo  in  hydrofluosilicic  acid,  in  small  transparent  grains,  which, 
under  the  microscope  present  the  appearance  of  six-sided  prisms.  Tho 
wilt  has  a  slightly  acid  and  bitter  taste;  it  fuses  at  a  rod  bout,  and  obsti- 
nately retains  its  Huoride  of  silicium.  Pure  ^'ater  dissolve^  it  vcrv  tlowly; 
licidulat«d  water  more  readily.  (Berzelius.) 


SlLICIL'M   AND    BaHICM. 

A.  Silicate  of  Barvta. — One  part  of  »ilica  heated  to  whitaoeaa 
with  \  of  its  weight  of  baryta,  yields  a  white  brittle  muss, — with  ^ 
baryta,  a  hard,  brittle  mass,  tninslucent  at  the  edges, — with  i  baryta,  a 
fused,  jmrous  mass  resembling  porcelain, — with  one  part  of  baryta,  a  hard 
unfuseil  uia«8, — with  2  or  3  parts  of  baryta,  a  vitreticil,  porous  mass  like 
porcflain  in  appearance, — with  4  [>arts  of  baryta,  a  nearly  opaque  moss, 
fuJK-d  nt  the  edges  only.  With  2  jiarls  or  more  of  baryta,  the  compound 
Sb  soluble  in  acids.  (Kirwan.) — According  to  Vauquelin,  1  part  of  silica 
with  3  parto  of  baryta,  produces  a  pale  green,  solid  mass,  which  is  soluble 
in  ncid^. 

B.  FLroRiDE  OP  SiLiciDM  AND  Barivm. — A  mixture  of  the  squeoua 
■nlutions  of  lerliyilr<if1iiatc  of  silica  and  hydrochlorate  of  baryta,  appears 
rJear  at  first,  but  after  a  Hhort  time  dc|>oKits  a  great  number  of  email,  hard 
eryafals.  (Oay-Liisbac  &  Thenard.) — Nearly  all  tlin  baryta  is  precipi- 
tated, a  trace  only  romainitig  dissolvcil  in  the  hydrochloric  acid.  If  tho 
•ohitions  are  mixed  at  a  boiling  beat,  the  crystals  obtained  on  cooling 
om  Komewhat  lariier,  but  still  only  microscopic:  they  consist  of  |  risms 
with  aruti-  Kiininiit?.  ^Ber/elius.) — The  conipoiinil  is  easily  resolvtd  by 
ixuitiou  into  gii.*eous  tiiioride  of  silioium  and  Huoride  of  barium,  which 
mnaiii4  bi.'liind.  Ignited  with  oil  of  vitriol,  it  leaves  82'!I33  per  cent,  of 
■alphate  of  baryt.i.  it  is  but  very  Kpiiringly  Holublo  in  water,  but  dis- 
•olreii  nUlier  more  freely  in  hot  water  than  in  cold;  the  presence  of 
III. Ir. I.  III., no  Hciil,  however,  does  not  increafco  its  wjluliility.   (Borzi.lii:8.) 

1  states  that  its  solubility  in  pure  water  at  ordinary  tfUipoia- 

.■  .  |i^irt  in  3,802  parts;  but  in  water  acidulaunl  with  Lydiocbloiic 

«iJ,  I  part  in  733  parts.  {Ann.  tharm,  fiO,  U7,  I84C.)  U 

2c  2 
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VtnAsm. — ^Tlits  alt,  wUeh,  Me«rdi« 
of  mt»mm  of  buyt*  aad  pousb, 
•f  aficB  viih  lMrrt»-water. 


Sojoint  AXB  Sraoanrii. 

TATS  «r  StwoeniA.—Ome  part  of  ailiea  fun  with  an  eq^ 
pntlj  to  aa  amber-eoloand  ghai,  partly  to  a  bin 
.  (Kswsa.) — Whk  3  parta  oif  stnmtia,  it  formal 
trej.  WDir^wa  mmb.  wUdi  m  »earij  tastelcaB,  and  diasolree 
fitf  a  ■Bill,  tfciwgli  laality  m  a^ieoM  ari>b.  (Vauqaelin.)- 
»«l  aCnati^  4ifMta4  ia  aontia*  it  aKea,  is  cvarertcd  Into 
ijhililafaitaafalwtk.  (KmUmu.) 

•r  Sojcira  An>  Sxaosmrtc. — A  solntion  of  carlioii 
i,  jiekb  after  eraporatioa  and  coolii 
witb  dihedral  sommits  rpsting  on 

__3 cnwtala  are  coorerted  bj  heat  into 

■■fcyJuMi  iiiipnaMili     Ob  tmtin;  them   with   water,  a 
J  Ma  haaie  aatt  ii— aiaa  aatfiawlred,  and  the  liquid  cont 
m  mai.    Ia  adJalated  water,  thej  disaolre  readily  and  with4l 

C  SoJCATS  «ir  STmsxTTA  Axo  Potash. — Prepared  bj  precipitati 
lla  aniia  iiiiliiiii  nirfc  ■irimlii     iti  r    (IXalton.) 


Saicivii  a:cd  CAtcmi. 

A.  StucAXm  OP  LiMK. — n.  Ditilieate.—2C»0,  SiO\ — Obtainrd  by 
•xpwiaf  oaa  atom  of  pan*  quarti  and  2  atoms  of  marble  in  a  rhaivi>.-il 
ctwcahla  la  a  fidl  white  he.^t  in  Scfstnom'a  blast-fumace  (II.,  35).  The 
■ixtM*  <laM  aot  fase;  bat  by  cmployinfr  a  8omewhat  smaller  tjuantitr  of 
lUfUa,  a  fbsnl  atasa  i«  obtained,  which,  after  being  tiken  out  of'tlie 
cnMiUe,  oaaiUes  to  pieces  in  a  minute,  without  alteration  of  wei^lil, 
aadcaataiasM-T?  per  cenU  of  lime  to  41-10  of  silica.  (Sefotrora,  J.  I'rtAn. 
0101.10,145.) 

k.  MvmttUiomtf. — Found  native  in  the  form  of  Tahular  tpar  or 
Wtitmitmiil*. — Belongs  to  the  oblique  prismatic  system  of  crystallixation, 
Ims  two  dcavage-planea  parallel  to  the  faces  of  the  rhombic  prism,  of 
«•  18*  and  R4'>  48';  specific  gravity  =  28 — 2i»;  hardness,  eqii.il  to 
tint  of  apatite. — White;  translucent;  fuses  with  diHioulty  before  the 
blowpipe  to  a  serai-trausjiarent  glass;  decomposed  perfectly  by  hydro- 
fhlonc  Kcid,  cither  before  or  after  ignition,  with  separation  of  gdalinous 
•ilu-rt.  W'nirhiier  (^&Air.  47,  24  j)  found  at  the  bottom  of  an  iron-smelting 
*Kt:  '^  of   arti/icial  tabular  spar,  having  a  luminated  fracture, 

«\  ;o  and  translucent,   likewise  decomposable  by  hydrochloric 

^  (lUt  cooUiining  78  p<ir  cent  of  alumina.     By  fnaion  in  a  smith's 
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fvrgc,  a  bluish  grey,  slightly  tranalucent  mass  in  obtained,  resemblinf; 
chalcedony,  of  specific  gravity  2'86,  and  with  a  fracture  partly  splintered, 
partly  cryetalline.   (Scfstriim.) 

Tabular  tjiar.                           H.  Rose,  Stromejrer. 

C»0 28           ....           iVi6         ...         *1-3i  ....  47412 

MV    31           ....           52-54         ...         52-65  ....  51-445 

MnO,  0-257;                   FeO,0-40];            HO,  0-076;  ....  0  734 

(M),  SiO»  59  ~         100-00        Z       10000        ~        99-591 

Hydrate  of  silica  added  to  lime-water  precipitates  a  powder  resem- 
bling tjibular  spar,  (Fuchs.) 

e.  Srsqiiuilk'ite. — 2CaO,  3SiO'. — Prepared  by  exposing  2  atoms  of 
marble  with  3  atoms  of  ([uartz  to  the  heat  of  a  smith's  forge.  Fuses 
miioh  more  reiidily  than  b;  its  specific  gravity  is  2-74.  Moreover,  it 
exactly  resembles  b  in  external  appearance,  but  is  somewhat  more  brittle. 
(ScfslKim.) 

i/.  BieilUatf.  —  CaO,  2SiO'. — «.  Avhydrfnu. — One  atom  of  marble 
heated  in  a  blast-furnace,  with  2  atoms  of  quartz,  yields  a  ditficultly 
fusible  mass,  the  under  portion  of  which  is  denser  and  richer  in  silica 
than  the  ujiper,  which  is  porous.  (Sefstrom.) 

p.  With  one  atom  of  water. — CaO,  2SiO',  Aq. — This  appears  to  bo  the 
composition  of  Shepard's  Z'auAuri/f'.  (^Sill.  Amer.  J.  25,  137.) 

y.  If'tV/i  2  atoms  of  water, — Okenite  or  Dj/sklasite. — A  minenil  of 
rudiatod,  fibrous  texture,  and  specific  gravity  =  2-28;  white,  with  a 
pfiirly  lustre;  swells  up  before  the  blowpipe,  and  fuses  to  a  porcelain-like 
ninss.  With  borax  it  gives  a  colourless  bead,  but  dissolves  with  difficulty 
and  imperfectly  in  microcosmic  salt.  In  the  state  of  powder,  it  is  easily 
dvconipotj<'d  by  cold  hydrochloric  acid  (but  no  longer  after  ignition) 
with  separation  of  gelatinous  flakes  of  silica.  (Kobell,  Kusdt.  Areh. 
\A,  333.) 

Okenite,  Von  KnbeU. 

C»0    28-0      ....  25-92        ...  26-59 

28iO»  620      ....  57-41         ....  55-64 

2HO   18-0      ....  16-67        ....  1700  i 

AluininK  and  Seiqui- 1  n.^i  I 

oxide  of  Iron      I  I 

C»,  2SiO'  +  2Aq    ..        108-0      ....     10000        ....  99-76  ' 

e.  TertiHcaie. — CaO,  3SiO'. — One  part  of  marble  fuses  with  3  parts  of 
quartz,  forming  a  homogeneous,  blistered,  pearl-grey  mass.   (Sefstrom.) 

Chalk,  gypsum,  and  even  phosphate  of  lime,  decompose  an  aqueous 
solution  of  .silicate  of  pota.sh  or  soda  into  alkaline  carbonate,  <tc.,  and 
hydrated  silicate  of  lime,  which  fonns  on  the  surface  into  a  hard  mass 
capable  of  being  poli.shed,  but  rapidly  crumbles  to  pieces  on  exposure  to 
the  air,  (Kuhluaon,  Ann.  Pharvi.  41,  220.) 

Hydraulic  Mortar. 


A  pasty  mixture  of  lime,  silica,  and  water,  which,  when  immersed  in 
»»/<r    lu  i/ra^lually  converted  into  silicate  of  lime  contjiining  water  of 
<•■  ■  ion,  and  hardens  to  a  comjKiund  resembling  zeolite.     This  salt 

uiu ,  .,«.  ..  i«e  be  mixed  with  silicate  of  alumiua,  double  silicate  of  alu- 
mina and  msgnoeia,  &c.,  according  to  the  nature  of  the  materials  used. 
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The  silira  mnst  be  in  such  a  atnte  lu  to  be  Cftpabie  of  oonibinb^r  *l''> 
the  lime  in  tlic  wet  way.  This  hydniulic  morlnr  in  (irejiared  eitb«r  ' 
inixint;  pure  lime  (rif/t  liinr,  frtUr  knU)  previously  burueil  and  aUka 
to  (lie  cnuBistOMCC  (if  pa*te,  with  suitnhle  siliceous  materiala — thf  (M>-call« 
cemriit* — or  by  burning  natural  or  orliticial  mixtures  of  iiinc  with  AiliceoB 
suhstunccs,  and  working  up  tho  poor  lime  (maffertr  kali)  thus  obuiotr 
with  wntor. 

1.   Pure  or  Fat  Lime  wiUi   Cemait. — From  4  to  .5    parts  of  finr.|] 

fiowderecl  comont  are  used  with  one  purl  of  lime,  which  is  slaked  citbfl 
lefore  or  after  beiii;;  mixed  with  the  cement.  The  mixture,  which  fornmj 
btiff  paste,  ia  then  plarod  under  water,  either  iniuiediatoly  or  sfti 
exposure  to  the  air  for  a  few  Lours,  and  left  ininicr.seil  for  a  jieriud  ( 
three  months.  Many  kinds  of  mortar  begin  to  harden  tho  first  dayj 
others  not  till  after  the  lapxo  of  several  days;  tlie  latter,  however,  oft« 
acquire  tho  jrreatest  degree  of  sfdidity.  A  lii;:h  temperature  favour*  tt 
action,  tjuartz,  however  finely  pounded,  docs  not  combine  with  tt 
projiareil  lime,  even  in  tho  course  of  three  months.  (Fuchs.)  Accordin 
to  Petzhold,  however,  {J.  f>r.  C'/tfW.  16,  06)  llio  linio  does  take  up  a  v« 
smnll  portion  of  silica  from  tho  quarti.  An  inlimato  mixturo  o!  8  pa 
of  powdered  ({uartx  and  one  part  of  lime,  ijfuitcd  till  it  bakea  to^etlioi 
yields  a  cement,  .5  parts  of  which  with  one  part  of  limo  (aliik»M|  »i|] 
water)  solidifies  slowly,  but  becomes  very  hard.  Most  kimls  of  op 
yiehl  a  tolerably  good  cement;  also,  the  silica  prccipitaleil  from  solutia 
of  silica  by  .sal-ammouiao.  Sodalitc,  analcime,  and  stilbite,  form  jfo 
cements;  hut  their  power  of  combining  with  lime  ia  destroyed  by  iguitiop 
Tra«s,  [jozrolano,  brick-clay  burnt  to  iucliiient  fusion,  poller's  clay  burnt" 
to  various  degrees  of  hardness,  according  to  its  uaturo  (many  kinds  rnjuir* 
to  bo  ignited  with  lime),  moderately  ignited  porcelain-clay  from  P:uaau, 
and  most  of  tho  slags  from  iron-furnaces,  yield  a  very  good  cement. 
From  many  kinds  of  clay,  potash  is  set  free  by  this  process.  Pitch-atone, 
obsidian,  and  pumice-stone  yield  a  cement  of  medium  hardnex&,  but 
require  a  long  lime  to  set.  Felspar,  in  the  course  of  five  months,  fonus 
a  slightly  coherent  mortar;  after  fusion,  especially  with  lime,  it  becomes 
more  othcacious.  Glass  behaves  like  fused  felspar.  Uuigniled  prchnite 
is  ineH'ective;  but,  after  strong  ignition,  it  produces  a  good  cement.  Sili- 
cates rich  in  magnesia,  such  aa  steatite,  talc,  trcmolite,  and  dioiwido,  ore 
of  very  little  use,  even  after  ignition;  the  silica  in  these  minerals  is 
alreiMly  combined  with  too  much  magnesia,  ami  partly  also  with  lime, 
to  he  able  to  take  up  much  more  from  the  slaked  lime.  It  is  only  by 
fusion  in  a  blnsl-furuacc,  duiing  which  it  emits  sparks  [and  takci  up 
ailiea  and  alumina  from  tlio  crucible  1]  that  steatite  can  bo  made  to  yiehl 
a  loleralily  good  mortar.  Tabular  soar,  even  when  burnt,  lievrite,  imd 
tho  sing  produced  in  tho  couvorsion  of  cast-iron  iuto  wrought-irou,  Iiuro 
no  action  on  lime. 

With  these  cements,  burnt  and  slaked  dolomite  hardens  more  nvpidly 
and  finiily  than  burnt  lime.  When  minerals  containing  potash,  soda,  or 
lithia  are  employeil,  tlie  greater  part  of  iheee  alkalis  are  set  free  by  the 
limo  and  imparted  to  the  water,  ami  in  great  abundance,  if  more  lime  is 
used  than  is  roi|uircd  for  the  production  of  the  mortar.  Tbi*  occurs 
with  natioliie,  aiialciuie,  leucile,  fclsjiar  (which  gives  up  10  per  cent.  oC 
jibtosh),  lithia-micii,  pltehstoue,  obsidian,  pumice,  and  a  groat  nuiiibrr  of 
clays.  Ourut  dulouiito  oxpoU  theae  alkalis  «tod  bellvr  iLau  burnt  Umew 
(UI.,  358.) 
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The  lotting  of  the  mortar  is  assisted  to  a  certain  extent  by  the 
carbonic  acid  which  the  water  takea  up  from  the  air:  at  all  events,  mortar 
wiiich  hiw  been  under  water  for  a  loug  time  is  hardest  at  the  surface, 
and  olFurveisoes  at  that  piirt  with  acids.  On  soft  mortars,  however,  the 
carbonic  arid  muy  exert  a  decomposing  action.  Well  set  mortar  i;i  as 
liard  and  mdid  as  limestone.  Ita  specific  gravity  is  lower  in  proportion 
to  tlie  amount  of  water  present;  and,  consequently,  mortar  prepared  with 
precipitated  silica  and  slaked  lime,  i«  the  lightest  of  all.  The  mortar 
form*  a  jflly  with  hydrochloric  acid,  inasmuch  as  the  aciil  separates 
the  silica  combined  with  the  lime.  But  the  interior  of  the  cement- 
powder  remains  unaltered,  booauso  it  is  enveloped  and  held  together  by 
the  mortar  produced.  (Fucbs.) 

2.  Natural  or  artificial  mixture  of  Limettone  with  Siliceoua  Suhstances. 
a.  A'ntuifil  Mixture,  or  Ilydraulie  Limettone. — This  is  Marl,  which  is  a 
mixture  of  carbonate  of  lime  with  clay  (hydrated  silicate  of  alumina).  It  is 
best  adapted  for  the  puqiose,  when  it  contains  1  part  of  clay  to  .3  parts  of 
carbonate  of  lime.  If  the  clay  is  in  much  smaller  proportion,  it  is  neces- 
sary to  add  a  cement  after  burninc;  and  slakini;  the  lime :  on  the  con- 
trary, when  the  quantity  of  clay  in  the  hyJpaulio  lime  is  too  ^reat,  fat 
slakcil  lime  must  be  added.  Tho  more  intimately  the  carbonate  of  limo 
and  clay  are  mixed  in  the  native  mineral,  the  better.  When  hydraidic  lime 
is  ignited,  the  lime  unites  with  the  silica  and  alumina  present  in  the  clay, 
BO  that  it  yields  gelatinous  silica  when  treated  with  hyilrochloric  acid. 
Tho  l.irger  the  proportion  of  clay  in  the  mixture,  tho  less  must  bo  tho 
heat  employed,  so  that  the  mass  may  not  fuse.  But  limestone  containing 
less  than  20  per  cent,  of  clay  is  almost  infudible.  Hydraulic  lime,  after 
being  burned  and  reduced  to  jHiwder,  8<ili<lifie8  when  made  into  a  pa-ste 
with  water,  because  the  double  silicate  of  alumina  and  limo  produced  in  the 
burning,  absorbs  water  of  crystallization.  If  the  marl  has  been  so  slightly 
bnmed  that  it  still  retains  carbonic  acid,  it  frequently  hardens  with 
remarkable  rapidity,  becanse  the  dicarbonate  of  limo  present  enters  into 
combination  with  water  (III.,  185).   (Fuchs,  Pogg.  27,  5.'M.) 

[For  the  analysis  of  various  kinds  of  calcareous  marl  used  as  hydranlio 
lime,  including  those  from  the  Island  of  Sheppey,  which  yield  the  so- 
called  Jioman  cement,  vid.  H.  Meyer  and  Kersten,  J.  pr.  Chem.  24,  405: 
25,  317. J 

When  marl  is  digested  in  dilute  hydrochloric  acid,  the  clay  is  left  aa 
an  insoluble  residue.  Most  kinds  of  marl  contain  more  salts  of  potash 
and  so(hi,  than  pure  limestone.  Potash  and  soda  facilitate  the  union  of 
tho  silica  with  tho  limo  on  burning,  as  they  first  cr)ndiiiie  with  tho 
silica,  and  then  give  it  up  to  the  lime.  In  the  absence  of  a  more  soluble 
alkali,  the  combination  of  the  lime  with  tho  silica  is  but  imperfectly 
eflecfed  by  ignition.  A  better  kitid  of  hydraulic  limo  is  con8e<)uently 
obtained  by  intimately  mixing  unignited  marl  with  .5  per  rent,  of  potash. 
(Kuhlniann,  Ann.  I'liarm.  41,  220.      Vid.  mi.) 

b.  Artificitil  Mixture. — Four  measures  of  chalk  with  one  measure  of 
clay.  (Berthier.)  8ix  measures  of  slaked  lime  with  one  measure  of  clay. 
(V'icnt.)  The  materials  are  intimately  mixed,  and  tho  mixture  formed 
into  balls,  burnt,  and  ground  to  powder.  In  England,  a  mixture  of  chalk 
and  pulverized  flint  i.s  burnt  in  a  kiln.  Hydraulic  lime  prepared  by  tho 
latter  motho<i  and  reduced  to  powder,  slakes  slowly  in  water,  becomiuff 
very  tenacious,  and  idtimntely  solidifying  to  a  while,  hard,  fine-grained 

■,  capable  of  receiving  a  polLsh,  and  contaWvng  b\"ft  Y'*'^  tssviiv..  o\.\ot«. 
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3*4  of  URgncsia  and  nhimina,  l.^'O  of  combined  silica,  (wbich  on  treati^ 
tlie  mass  witli  sicids,  is  scimratpd  in  the  (felatinous  state,)  1"4  uf  analti 
Band,  and  2S'0  of  water  and  carbonic  acid.  (Uerthior.) 

U  Kiiiilmunn  litis  succeeded  in  fortninj^  artiUcial  limestones,  by  rail- 
ing a  .solution  of  tilica  or  alumina  in  aqueous  potash  or  soda  with  lin 
or  cbalk,  or  even  with  a  solution  of  sulphate  of  alumina  or  common  alua 
If  the  «ilica  solution  is  mixed  with  powdered  chalk,  the  pasty  mass  grl 
dutilly  becomes  solid  in  the  air,  and  acquires  a  degree  of  hardness  equal  ( 
that  of  the  best  hydraulic  cements.  When  pieces  of  chalk  or  |>oron 
limestone  arc  dipped  into  a  stdution  of  silicate  of  potash  anil  exposed  to  the 
air  for  sevenil  d.iys,  they  become  hanl  enough  to  scratch  limestone,  and 
take  a  good  polish.  Burnt  gypsum  maybe  hardened  in  a  similar  niunncr. 
It  is  decomposed  by  nlkiiline  silicates  much  more  rapidly  and  complctelv 
than  (Mirbonats  of  lime.  It  may  also  be  hardened  by  moistening  it  willi 
a,  solution  of  alum,  and  afterwards  burning  it.  Kreatiug  (Polt/((tii^m 
Cenlratb.  1847,  120)  produces  tlic  same  effect  by  wetting  the  burnt  gyf^| 
sum  witii  a  solution  of  1  lb.  of  borax  in  S)  lbs.  of  water,  and  subsequentlj^H 
igniting  it  strongly  for  sis  hours.  The  hardening  is  etiU  more  complete 
when  1  lb.  of  tartar  and  a  double  qu."inl<ity  of  water  is  added  to 
solution.  In  the  hardening  of  these  artificial  stones,  the  carbonic  acid 
the  air  plays  tlio  jirincipal  part,  inasmuch  as  it  decomposes  the  silicate  i 
potash  am!  scpanitcs  the  silica,  which  then  contrOiCts,  and  thereby  con- 
tributes gre.itly  to  the  hiirdcniiig  of  the  mass.  If  air  b<5  excluded,  ibis 
effect  is  not  produced.  A  solution  of  silicate  of  pota^b  exjwsed  to  lb« 
air,  eolidilics  in  the  course  of  o  fortnight,  and  forms  a  transjiarent  jelly, 
which  gradu;illy  acquires  great  hardness  without  losing  its  tnmspareucjj 
and  after  a  few  months  becomes  hard  enough  to  scratch  ghi&s.  Kuh 
mann  suggests  that  the  formation  of  crystallized  silicic  acid  in  linieston 
rocks,  and  likewise  that  of  flint,  ngate,  &c.,  may  be  duo  to  the  decompo- 
sition of  silicatp  of  potash  by  carbonic  ocid.  In  corroboration  of  thi| 
riew.  it  is  found  timt  these  minerals,  after  being  ignited  and  pulverize 
exhibit  a  distinct  alkaline  reaction.   IT 

Hydraulic  lime,    both    natural  and  artificial,  is  mixed   (after   beill 
powdered,  and  before  it  is  slaked)  with  fine  ciuartr-sand,  in  the  propoi! 
tion  of  one  part  of  hydraulic  lime  to  -|  of  sand,  for  underground  or  sul>- 
aqueous  structures,  but  1  ])art  of  lime  to  2^  parte  of  sand  for  plusteriqi 
walls.  (Derthier.)  j 

[On  the  subject  of  hydraulic  mortar,  vid.  Berthier,  Ann.  C/iim.  Pk^ 
22,  G2;  44,  113;  Vicat,  J.  J'ht/s.  80,  18.9;  Ann.  Ch'm.  Phys.  J,  387;  Id 
3(>5;  23,  GO,  &  424;  32,  ltt7;'34.  102;  GO,  93.  i 

Common  Muiiar  which  iJriet  in  Ifir  air  is  a  mixture  of  pure  (fat)  lin 
slaked  to  a  creiimy  consistence,  with  fine  and  coarse  quartz-sand,  lim| 
stone.  &c.,  which  does  not  act  cbeniirally  on  the  lime.  Sulidilicatiai 
is  cflected  partly  by  drying,  partly  by  absorption  of  carbonic  acid  hud 
the  air.  '  j 

B.  BoRATR  AND  SiLTCATE  OP  LiME. — a.  With  ont  Atom  of  Water.~\ 
ZJrt/o/iV^-.— CaO,  BO'-(-CaO,  2SiO'-f-Aq.  Oblique  rhombic  pri.,ms.  Fi^ 
107  and  otber  fonns,  i  :  I  —  !)1°  41';  m  :  «'  =  77"  30*.  Sjiecific  gnivin 
^  3-344  (Stromeyer);  iiardness,  between  felspar  and  apatite.  ColoiirleJ 
transparent  or  translucent.  ] 

At  a  full  red  heat,  it  gives  oQ' water  and  becomes  opaque.  Befotj 
the  blowpipe  it  swells  up  and  fuses  readily  to  a  colourless  glass,  inipaiij 
iag  at  the  same  time  a  groen  culo\u  to  tUe  dome.      In  microcoemil 
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Jt   it   ia  but  partially  soluble.      Hjdrocbloric  acid   dissolyeB  it  and 
aparntes  gelatinous  silicn. 

b.   Wil/i  2  alovts  of  Wntfr.—BotryoUte.—C^O,  B0'+  CaO,  2S0'-f  2Aq. 
-Kidney-shaped,  and  of  a  delicate  fibrous  texture. 


2C»0 

2SiO> 

BC    ..„ 

HO 

DatolUt. 

....       56-0      ....       34-61 

....       62-0      ....       3H-32 

....      34-8       ....       21-51 

9-0       ....        5-5G 

Stromeyer.         Rammelsberg. 

35-67        ....         35-Jl 

37-36        ....        37-65 

21-26        ....        21-24 

5-71         ....          5-70 

2raO 

161-8 

....     100-00      .... 

Botryolile. 
56-0       ....       32-79 
620       ....       36-30 
34-8       ....       20-37 
18-0      ....       10-54 

10000 

....       100-00 

Rammelsberg. 
34-27 

2SiO» 

BO     

36-39 
18-34 

2IIO    ... 

10-22 

Alamina  and  Sesqul- 
oxidr  nf  Irnn 

0-78 

170-8 


100-00 


100-00 


C.  Fluoride  OF  Silicidm  and  Calcium. — Levij^nted  fluor-spar  and 

nelv  divided  silica  are  digested  in  dilute  hydrofluoric  acid;   or  carbo- 

ate  of  lime  is  added  to  terhydrofluatc  of  silica  as  long  as  it  is  dissolved, 

gd  the  solution  is  then  evaporated  at  a  gentle  heat  to  the  crystallizing 

Bint.       Four-sided,   obliquely   truncated   prisms.      Leaves,    on    ignition, 

-2  per  cent,  of  fluoride  of  calcium,  and  by  ignition  with  sulphuric  iicid, 

}'69  per  cent,  of  sulphate  of  lime.     Ignited  with  p'x  times  its  weight  of 

_iido  of  lead,  it  evolves  16-21   per  cent,   of  water.     When  it  is  mixed 

with    water,  one  portion  is  resolved   into   an  insoluble  residue  of  silica 

luid    fluoride  of   calcian),    and  into  hydrofluosiliric    acid,  by  which    the 

"eniaining  portion  of  the  salt  is  dissolvetl  without   decomposition.     It 

|B«olvc8  completely  in  bydrofluosilicic  acid.    B3'  evaporating  the  solution, 

be  above  crystals  are  again   obtained.     Hydrochloric  acid  likewi.^o  dis- 

blve.s  it  without  decomposition ;  but  if  the  solution  is  rapidly  evaponited, 

liydrofluofilicic  acid  is  evolved,  and  hydrochlorate  of  lime   is  produced, 

"By  adding  ammonia  to  a  recently  prepared  solution  of  the  salt  in  hydro- 

jloric  acid,  fluoride  of  calcium  and  silica  are  precij)itated,  while  hydro- 

bloratc  and  bydrofluate  of  ammonia  remain  dissolved.  (Berzclius.) 


Cdlculstion. 

Or: 

Deneliui. 

k. — 

200         18-33 

c«o 

280 

25-67        . 

26-40 

I..,, 

15-0        i.t:5 

SiO» 

31-0 

28-41 

661         51-12 

3(F-0) 

.12  1 

2942 

IVa*, ■•,,.***. 

_ IHO         16-50 

2HO    .  . 

180 

1650 

IC-25 

P,SiF'  +  2Aq.    1091       100-00 


109-1       100-00 


I).  Silicate  of  Limb  and  Potash. — a.  Many  kinds  of  glass  are  thus 

(nstituteil. 

b.  Acci>nling  (o  Dalton,  the  precipitate  which  lime-wat«r  produces  in 

elation  of  silica,  contains  potash  as  well  as  silica  and  lime. 

e,   ApophyllUe  (JcMiyofi/il/ialme,    TcMtlile,   Oxhaverite\.  —  Crystalliuo 
rm,   the  square  prismatic.  (Fi/j.  28,  2S,  32,  and  others.)     p  :  e  :=. 

\V  30';  7  :  e  =  127"  51)';  cleavage  distinct  parallel  to  p;  leas  dis- 
ci parallel  to  q.  Specific  gravity  =  2-3335.  (Hauy.)  Colourless, 
Bcparcnt,  and  of  a  pearly  lustre  on  the  cleft  surfaces  parallel  to  p. — 
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SwelU  op  in  tlio  blowpipe  flame,  and  fasea  readily  to  »  blistered  i:\an. 
Bv  hvdfwliloric  acid  it  is  first  resolved  iiitu  scales  whioli  rofloct  a  v., 
of  ciToiirfl,  and  afterwardA  diMnlvod  with  separation  of  silioii  in  a  j:'. 
Ii)as8.     After  ignition  it  is  with  difficulty  ncte<i  on  hy  liydrocblorn: 
but  after  fusion  and  pulverization,  decomposition  takes  place  with  .- 
what  greater  facility. 


] 


ApDpkfllilt. 

Berreliiu. 

Stromejrer. 

C.Gmelin. 

KO „.. 

..      47-2 

530 

i-27 

5-31 

cn 

SCO 

..     2240 

2514 

21-71 

25-22 

25-(H) 

15SiO>    . 

..     4C50 

S2-20 

52-13 

51-86 

63-90 

F-O 

..       107 

1-20 

0-82 

16HO 

..     1440 

16'IC 

10-20 

16-91 

i5-;o 

890-9 

10000 

99-13 

99-30 

10073 

F — O  represents  h_v])otbelical  anhydrous  fluoric  acid,  which,  wit' 
Bton>  of  CttO  produces  one  atom  of  CaF.     The  formula  of  apoplr,  . 
is  probably  the  following  :  KO,  2SiO'  +  6(CaO,  2SiO')-f-CaO,  SiO=  +  C.-iF 

+  16Aq. 

H  Kamnielsberg  repards  the  fluorine  in  apophyllito  either  as  meclia- 
nically  mixed,  or  ])osBibly  as  replacing  a  portion  of  the  oxygen.  Tho 
formula  whieh  he  gives  for  this  mineral  is:  KO, SiO'  +  G(C!aO, SiO')f 
15H0;  or  2K0, 3SiO'  +  3(2CaO, 3SiO=)  + 15H0.  {I'oyj.  W,  bOG.)  T 

D.  Silicate  of  Lime  and  Soda. — Pectolite.  Occurs  in  fibrous  humm 
with  ejihcrical  surface;  specific  gravity  2"6i).  By  gentle  ignition,  it 
becomes  Ws  brilliant  and  more  friable.  Before  tuo  blowpipe  it  fa«ei 
readily  to  a  translucent  glass,  a  few  bubbles  of  gas  being  evolved.  It 
dissolves  with  en«e  in  borax,  forming  a  clear  glass;  with  microcosmic  foli 
it  yields  a  skeleton  of  silica.  When  it  is  introduced  in  small  pieces  into 
concentrated  hydrochloric  acid,  several  days  elapse  before  decomposition 
takes  plae«;  it  then  becomes  disintegrated  and  yields  gelatinous  silica, 
In  the  state  of  powder,  it  is  more  nipidly  acted  on;  and  in  this  case,  th 
silica  docs  not  separate  in  the  form  of  a  jelly,  but  in  viscid  Aukcs.  Pect 
lite,  after  ignition,  and  even  after  fusion,  yields,  when  reduced  to  powde 
a  stiff  jelly  with  hydrochloric  acid.  (Vou  Koboll,  Kasln.  Arch.  13,  385.] 

Pectolite. 

KO 

N«0 31-2    ....        8-99 

4CaO   1120    ....       32-26 

6SiO«  186-0     ....       53-57 

2HO    18-0     ....         5-18 

Alumina  willi  Sfs-1 

quioxide  of  Iron)  "" 


347-2 


100-00 


NaO,  2Si0'  +  i(Ca.O,  SiO')  +  2Aq.  A  portion  of  the  soda  i«  replac 
by  potjish.  According  to  Berzclius,  pectolite  contains  a  small  quantity  < 
fluorine. 

Related  to  this  mineral  is  Walker's  WoUnttoiiite,  wliioh  contains  5-. 
per  cent,  of  soda,  30-79  of  lime,  2-59  of  magnesia,  1-18  of  se«quioxido  i 
m>D  and  alumina,  54'00  of  silica,  aud  5'48  of  water. 
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SiLICIUH    AND   MAOKESirU. 

A.  StLTCxTE  OP  Maonebia. — o,  DisUicate. — ».  Anhydrotu.  1.  A 
mixturo  of  2  atunm  of  iiiiigncaia  and  ooo  atom  of  silica  oxpo^^ud  for  two 
hours  to  the  lient  of  a  powerful  wind-furuiice,  yields  a  inilk-wbile,  porous 
ennmul,  (ik-f;3tr<'>iii.) 

2.  ChrytulUe  aud  Olivine.  Often  found  in  inet«oric  stoDOs,  aa  Mete- 
oric Olivine.  CnrbtiUliiie  systom,  the  right  pri«niatic.  Fiy.  7.>  with  tho 
j»-8nrfacc,  and  also  other  forms:  i  :  t  =.  }3V  29';  y  :  w  =  HI"  40'; 
C  :  u  =  Hi"  G';  u  :  m  =  155°  54';  «'  :  u  =  131"  48';  cleavago  parallel 
Vi  t.  (Ilauy.)  Specific  ijravity  from  3'33  to  3'44  ;  harder  thau  felspar; 
transparent,  and  generally  of  a  yellowish  green  colour.  Infut^iblc  before 
the  blowpipe.  Chrysolite  i.s  not  decomposed  by  hydrochloric  acid,  but 
yiclils  to  sulphuric  acid,  without  however  forming  a  jelly.  (Von  Kobell, 
•/.  pi:  Chan.  5,  214.)  Powdered  olivine  is  very  readily  decomposed  hy 
hydrochloric  acid,  yielding  a  jelly.  (Deriolius,  Jahretbsricfil,  15,  217.) 


Stromeyer. 

Wolmatedt. 
e. 

Bcrxeliui. 

a. 

b. 

rf. 

oMtO 

40 

56-34     .. 

.      5013 
919 

50-49 
8-17 

...      44-87     ... 
...      15.38     ... 

47-35 

pX..::;:z::: 

11-72 

SiO»    

31 

43-6G     .. 

.      3973 

4009 

...      4016     .. 

40-86 

MnO  

,, 

009 

0-20 

....        0-10      . 

0-43 

NiO    

03'.i 

0-37 

A1»0»  

„ 

0-22 

0-19 

010 

SnO*  with  CnO  .. 

•• 

• 

017 

2X!KO,SiO»  

71 

100-00     .. 

99-68 

99-Sl 

...    100-61     ... 

100-53 

a  is  Oriental  Chrysolite; — 6,  Olivine  from  the  liasalt  of  Vogelsberg;— 
c.  Olivine  from  Somma; — d,  Olivine  accompanying  the  Siberian  meteoric 
iron  of  Pallas. — Sometimes  a  smaller  and  sometimes  a  larger  tpiantity  of 
magnesia  is  replaced  by  protoxide  of  iron;  and  in  HyalotidfriU — which 
moreover  lia.s  the  same  crystalline  form  as  chrysolite,  and  yields  u  jelly 
-wilh  hydrochloric  acid — the  oxido  of  iron,  according  to  Walchucr,  oiuoiuits 
to  28  40  per  cunt. 

a.  Ilydi-aled. — YillartiU. — Crystalline  syBtem,  tho  right  prinnatic 
Fig.  42;  the  obtuse  angle  of  tho  rhombic  base  («'  :  u)  =  llO'  58'. — Yel- 
lowish green  and  granular.  (Dufrenoy,  Conjit.  Jiend.  14,  098.) 


4MgO  „ 

800 

820 

9-0 

Villartile. 

52-98 

41  06 

5-96 

Dufi-^ooT. 
47-37 

28iO«    

HO    

39-60 
5-80 

KO.0-4CI  C.O.0-53-, 

MnO,  2-42; 

FeO,  3-59! 

7  00 

aCaMsO.SKyUAa. 

151-0 

10000 

99-77 

li.   Tii'o-lfi iidii  Silicate  ftf  Mwjnttvt.  — a.  Bihydrated.  — Noblt  f^erpentint 

f.r  Onhile  (together  with  Mnrunilitr,  I'icrolile  and  ViirinjiUrd  Aihrilon  from 

niitein). — Sffprnline  :    a   dense  mineral,  of  specific  gravity  25   to 

itid    afl  hard  as  calc«par. — Trnnelucent  and  gencrnlly  of   a  ^jrecn 

.   with   waxy  lustre;  unctuous  to  tho  touch.      Heated  in  a  tube,  it 

.  .-...lis  water  and  becomes  opaque.    Fusea  before  the  blowpipe,  chiefly  at 

till!  vdgos,   to  a  whito  cnauiolj  with  inicrocosmic  salt  it  yields  an  infu- 
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cible  •kcleton   of  silica.      Fuses,  tliougb  witb  difficulty,    wiUi  •  smai' 
tuantily  of  carbonuto  of  fodii;  wilh  a  larger  projxirliou  of  ttr- 

rollcn,  infusible  n)a*«  is  produced.      Exhibits  a  red  colour  wL  i 

with   solution  of  cobalt.     Pounded  serpentine  dissolves  in  coDc<;uin>udl 
bydrocbloric  acid,  leaving  a  siliceous  jelly;  it  is  still  more  ea.silv  acted  M* 
by  sulphuric  acid,  the  silica   being  separated  in   the  form   ot  a   ritcij 
jjowiler. — PicroliU  is  of  a  fibrous  texture;  in  other  respects,  it  {mmmhw 
the  same  characters  as  serpentine. —  Variegated  A ibettot  is  fibrous  ) 
A   silky   lustre.       Before    the    blowpipe,    only    the    finest    fibres 
rounded.     It  is  easily  and  comjiletely  deconijKwed  by  concentrated  liylr 
chloric  acid,  the  silica  remaining  undissolved  in  the  form  of  the 
and  exhibiting  a  silky  lustre.   (Von  Kobell.) 


1 

UartwaU. 
a. 

MoMndo'. 
». 

Lychnell. 

c. 

rf. 

3MkO. 

60         4286 

....      41-66 

....     44-20     .. 

40-64 

42-41 

411 

2SiO'.., 

62         U-tiS 

....      42-97 

....     42-34     .... 

41-95 

41-58 

4i« 

2HO  ... 

18         12-66 

....       1202 

....     12-58     ... 

11-68 

11-29 

isa 

PfO    ... 

2-48 

....       0-18     ..„ 

2-22 

2-17 

N 

AI-0>  .„ 

..M. 

0-87 

•  a<*                                        liM* 

0-37 

trace. 

CO-     .. 



.... 

....      0-87    .... 

3-42 

238 

1-J 

140       100-00 

....    100-00 

....    99-97     .... 

100-28 

99-83 

99] 

1 

Lydmell. 

Stromeyer. 
A. 

VonKobeU. 
1. 

Ktifaiu 

f- 

9- 

t    ^ 

MrO 

4216 

33-44 

37-16 

4000 

40-00  J 

siiy 

4216 

40-98 

41-66 

43 -.JO 

44-481 

HO   

12-33 

12-86 

14-72 

13-80 

12-.1S1 

FiO  

1-98 

8-72 

4-05 

2  08 

2-34 

A1'0>    . 

„, 

0-73 

0-40 

CO«  

1-03 

1-73      Mi>0 

2-25 

99-66  98-46         ....         99-84         ....         9978 

3MgO,  2SiO»  +  2Aq.     or    2(MgO,  Si(y)  +  (MgO,  2A(i). 


99-77 


— rt,    is    Noble   Serpentine   from   Snarum; — b,   from   Gnllsjo; — c,    fron 
Fahlun; — (/,  from  Swardsjo; — e,  Marmalitc  from   Hoboken; — -f,  ordinarjjl 
Sorpfutine  from  Sala; — </,  Picrolite  from  Taberg ; — h,  I'icrolite  from  I'liilip 
stndt; — I,  Variesrntcd  Asbestos  from  Rcichent-tein.     IT  k,  Metaxite,  a  nci 
mineral   described  by  Kiihn  {Ann.  Pharm.   59,    363),    of  the  forniulaJ 
2(MgO  +  SiO'+iHd)  +  (MgO,  HO).  IT      A  portion   of  the  magnesia  id 
replaced  by  protoxiile  of  iron,  especially  in  picrolite.     The  pre«enoo 
carbonic  acid  \»  duo  to  an  admixture  of  magnesite;  in  the  amount 
carbouic  acid  given  under  c,  d,  e,f,  and  g,  bitumen  is  aUo  included. 

/9.   Terht/di-aU. — 1.  Deweyliu,  3MgO,  2SiO'4-3Aq.— Specific  gravity 
=2-2474;  amorphous.  (Thomson.)— 2.  B j/dropfi He.— ZMgO,  FeO,  2SiO'-+-] 
3Aq.    Specific  gravity  2-65;  soft,  green,  resembling  serpentine,  infwiiblfl 
before  the  blowpipe.  (Svanberg,  yoAr«6fr.  20,  216.) 

DtKeylUt.  Tbonuoa. 

SMgO   „.     CO       ....       40-27  40 

2Si()' 62        ...       41-61  „.  40 

3H() 27       .  18-12  "20 


149 


100-00 


100 


ANTIGORITE,   SCHILLEU-SPAR,  PICROSMINE. 

Hydrophite.  Svuiberg. 

2MgO  40-0       ....       24-36  ....  2108 

MnO ....  ...  1-66 

FeO  35-2      ....       2144  ....  22-73 

2SiO>    6-^■0      ..-      37-76  ....  36-19 

3HO.™ 27*0      ....       16-44  ....  16-08 

Al'O*    ....  .„.  2-89 

VO«  „ ....  ....  0-12 

164-2          ,     10000  ....  100-75 
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e.  TTirre-fourth*  Silicate  of  Magnesia. — UydraUd. — o.  AntigoriU  taa- 
eists  of  4jMgO,  3SiO'  + Aq.  or  more  accurately,  inasmuch  as  a  portion  of 
the  ui!i<;iiesia  is  replaced  by  protoxide  of  iron,"  (lOMgO,  2FeO  +  9SiO') -t- 
3Ao.  (  Vid.  Schweizer,  Poijg.  49,  595.) 

h.  Schillrr-gpnr  appeura  to  bo  compoaed  of  4MgO,  3SiO'  +  3Aq.  or 
MgO,  3Aq. +  3(MgO,  SiO');  in  tiii.i  miuenil,  also,  a  large  proportion  of  the 
magnesia  is  replaced  by  protoxide  of  iron,  protoxide  of  nian/fiinese,  aud 
lime.  {Vid.  Kohler,  Pogij.  11,  192.) 

d.  Jfotiogilicate  of  Magnesia. — a.  AnJii/droui.  —  1.  A  mixture  of  one 
atom  of  magnesia  with  one  atom  of  silica  exposed  for  a  couple  of  hours 
to  the  heat  of  a  powerful  wind-furnace,  yields  a  nearly  white  enamel,  of 
pearly  lustre  and  highly  crystalline.  (Sefstrom.) 

2,  The  Ashfstos  <//  Koruk,  examined  by  Lappe  (Pogg.  35,  486),  and 
Thomson's  bisilicate  of  magnesia  appear  to  have  this  composition. 

Lsppe.  Thomson. 

MjO 20      ....      39-22         ....        31-38  ....  3C-.'>2 

Sil)»  .„ „ 31       ....       60-78        ....         58-48  ....  56-64 

C»0  ..„  ....  0-04 

FeO  ....                        ....           9-22  FeSO>  246 

MnO,  C«0.  Al'O*,  P0»   ....              ....                       ....           088  Al-'0»  607 

MgO,  SiO"   .„ 51       ....     100-00        ....       100-00        ....       101-69 

fi.  Hydrated. — 1.  Pierotmine. — Crystalline  system,  the  riglit  pris- 
matic; not  found  in  crystals,  but  corresponding  in  its  cleavage-planes  to 
Fig.lA;  cleavage  distinct  panillel  to  m;  less  distinct  parallel  to  t,  n  and  t ; 
•  :  i  =  1 17'  49';  «'  :  u  =  53'  8'.  The  cleavage-surfaces  parallel  to  w  are 
of  n  pearly  lustre,  the  others  glassy.  The  mineral  itself  is  uf  a  pale  greenish 
grey  colour,  and  transparent  at  the  edges;  somewhat  softer  than  calc- 
apar;  specific  gravity  2(i6.  (Hnidingcr).  When  ignited  it  evolves  water, 
hocoming  black  at  first,  but  subsequently  white.  Picrosmino  does  not  fuse 
before  the  blowpipe,  but  increases  in  density.  It  dissolves  in  borax, 
and  also  in  microcosmic  s.alt,  leaving,  however,  a  skeleton  of  silica  in 
the  latter  caae;  with  carbonate  of  soda,  it  yields  a  turbid,  semi-fused  mttea; 
when  it  is  ignited  with  a  solution  of  cobalt,  a  red  colour  La  produced. 
(Ma^uns,  Pogg.  6,  53.) 

Pierotmine, 

2MgO „ 40    ....  36-01     ....  ;<.•»  35 

2SiO"  „ 62     ....  55-85     ....  54  89 

HO „ 9     ....  H-11     ....  7.10 

MnO    „ ....  ....  0-4-2 

FeKH  ...  ....  1-40 

Al'O*   ....  0-7!> 

2MgO,  SIO^ .)■  Aij 1)1      .,,.      lOO-OO     ....       9815 
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1 

ittta. 


8.  Pierophyll  and  Aphrodite  or  MeerKhaum  of  Lfm/ihanJiytta. 
PicrnphyU:  dense;  laniiiiiitcd;  of  sjjecific  gmvity  2'73;  softer  than  ait- 
spar;  irideswDl;  of  u  dark  greyisL  green  colour;  reseiiililin;;  eerpontiu'' in 
apixanuicc.  It  ^'iolds  water  on  i^'nition,  and  becomes  white,  witbunt 
however  losing  its  lustre.  Infusible  before  the  blowpipe;  igtiitoi  wilh 
cobalt  solution,  it  iis$uiue«  a  dingy  red  tint.  (Svanberg,  I'otjg,  50,  002.) 


CaO  .... 

SMkO 

MnO... 

M)  ... 

MO* 

SHO... 

AKJ*..., 


60 


93 

18 


U09 


54-38 

10-63 


Svunbvrg. 

Bntin. 

''icro/thyll. 

Aphrodilt. 

0-7M 

30- 10 

lr»ce. 

1  o.' 

6-86 

0  hO 

49-80 

bin 

9-83 

12-3S 

Ml 

0-ao 

171       10000 


98-48 


100  00 


3(MgO,8IO»)  +  2Aq 

On  account  of  the  liirgcr  amount  of  water  which  it  contains.  livrlin 
aemders  aphrodite  a»  4(MgO, SiO')-f  3Aq.     IT  Kiihn  (Attn.  Pharin.  59, 
363,)  gives  the  umilysia  of  a  scsijuihydrute  of  silicate  ot  ma;; 
the  uaiiie  of  KcrolUe, 

KtroUlt. 
2MgO  40      ....      31-50 


magnesia  under 


28iO» 
3H0. 


£2 
27 


47-46 
21  04 


KUho. 
31-26 
4ri-96 
21-22 


2{MgO,SiO0  +  SAq 129 


100-00 


09-44 


NeolUe.—mO,  2SiO'  or  3(R0,  SiO').— Described  by  Schcerer  (P/yfj. 
71,  2K5)  as  a  7'ii/c  in  wbich  a  portion  of  the  silica  is  replaceil  bj  alumina. — 
Found  in  llio  A.'<lak  iron  mines,  near  Arendal  in  Norway,  occurring  either 
in  Muiall  crystallino  luininio  and  threads  arrangcii  in  tufts;  or  in 
uppnrenllv  ai)i<irf)liaDs  state  spread  over  tbe  surface,  from  a  few  lines 
an  inch  in  tliickne.'is.  The  crystallized  variety  is  nearly  as  hanl  a*  talo 
but  tlio  amorphous  variety  is  softer.  It  is  unctuous  to  the  touch,  anj 
may  bo  cut  like  soap.  Iti  colour  is  brownish  and  blacki.sh  j^reen,  pa».<<ini 
almost  into  black  ;  it  varies  from  a  fatty  to  a  silky  lustre  ;  it«  rpeciHi 
gravity,  when  perfectly  dry,  is  2-77.  At  a  tcmpenituro  of  l()0-\  it  loses  i 
consiilerablo  quantity  of  hygroscopic  water — especially  tho  amoqdion 
variety — .ind  acquires  a  lighter  colour,  somotinics  almost  approachmg 
white.  The  dried  mineral  evolves  air-bubbles  when  immersca  in  wat«r,  ai 
ro-absorbs  the  water  with  .«o  much  rapidity,  that  it  falls  to  pieri 
after  immersion.  The  following  is  the  composition  of  two  . 
givon  by  Scheercr. 

KtoHlt. 


CO   

MgO  

(0 

0-28 
31-24 
3-79 
0-89 
7-33 
S2-28 
4'04 

(2) 

000 

24-73 

FW)    

7-92 

MnO 

AK)« 

ao«  

HO 

2-64 
10-27 
4'-.15 

6-28 

9y-85 

9'J-19 

The  proportion  of  oxygen  in  the  acid  to  that  in  the  other  constituent 
follows : 


TALC,  STEATITE. 


S99 


6iO«. 

8 
5 


AFC. 
1 

1 


RO. 
4 

24 


HO. 
1 
1* 


rc])reseiits  the  sum  of  the  oxygcu   in  tlio  magnesia,  the  ferroua  and 
inguiious  oxitled,  and  tbo  lime.     From   tLis  it  mu^t  be  evident  that 
two  analyses  cannot  bo  brought   under  one  formula   by  the  ordinary 
Betliod  of  calciilution ;  but  if  we  reckon   the  alumina  as  an  electro-nejia- 
clement  tugether  with  the  silica,  and  the  water  as  an  clectro-pofitive 
pment  with  the  magnesiti,  &c.  in  the  isomeric  proportions  of  3AP0'  = 
"'!(=  3SiO'),  and  3H0  =  IMgO  [vUI.  I.,  93),  the  following  rcsulu 
obtained : 

SiC.  RO. 

1 29-4.1         14-75 

2 27'79         1405 

nearly  2  :  1,  from  which  the  formula  3R0,  2SiO'  (op  RO,  SIO')  may 
I  deduced.  H 

e.  Fivefourtlu  Silicate  of  Magnetia. — Tnh  occurs  in  rhombic  and  »ix- 
iled  tabular  crystals;  h'  :  u  =  120°  nearly;  cleavage  ilistinct,  parallel  to 
ilnue;  spocitio  gravity  =  2  C.>  to  2"4;  softer  than  gypsum;  uuctuoua 
the  touch;  of  a  pearly  lustre  at  the  fnu;tured  surfaces;  translucent. 
Sjilita  up  into  laminee  before  the  blowpipe,  and  Imrdens  without  fusing. 
With  miorocosmic  salt  it  yields  a  turbid  glass,  together  with  an  insoluble 
ekeleton  of  silica.  With  a  smnll  quantity  of  carbonate  of  soda  it  fonns  a 
somifusud  slag,  but  with  a  larger  proportion,  a  transparent  glass.  Solution 
of  ciibolt  imparts  a  pale  flesh-colour  to  it.  Neither  before  nor  after  i^i- 
tioti  is  it  acted  on,  to  any  visible  extent,  by  hydrochloric  acid  or  oil  of 
vitriol. 


Talc. 

BO        3404     .. 
155         65-96     .. 

Von 

Kubc-ll, 

KUprotb. 

c. 

....      30-50 

.       62-00 

Ft^O-''     2-50 

KO        2-;5 

0-50 

Wackenroder, 

MgO 

32-4 

62-8 
1-6 
10 
2-3 

ft. 

SI  92 

62-HO 

110 

Of.O 

1-92 

d. 
33-03 

kSiO» 

SS.:::: 

ao 

....      6197 
074 

3-48 

235 

lOO'OO     .. 

.     1001 

98-34 

....       98-25 

....       99-22 

This  mineral  may  bo  regarded  as  2(MgO,  SiO')  +  (2MgO,  3SiO=). — 
t  Id  talc  from  Greiner; — b  from  Prou^siunsk  in  Siberia; — e  is  laminar  talc 
Qotthard;  the  protoxide  of  iron  in  a  and  /<  is  also  mixed  with  oxide 
'  titanium;  d  is  from  a  specimen  of  Chinese  scnlptLirc,  of  specific  gravity 
t'747,  and  having  a  d\ill,  uneven,  splintered  fracture;  pale  red,  translu- 
Bnt,  becoming  black  before  the  blowpipe  at  first,  but  afterwards  whito 
ud  hanl,  and  fusing  slightly  at  the  e<lg08.  It  dissolves  slowly  in  borax, 
brming  a  clear  l)eud,  and  with  difficulty  in  phosphate  of  «(«la,  leaving  an 
Bsolubli?  skeleton  of  silica;  with  i'arlK)nate  of  soda  it  swells  up  and  forms 
opuque  slag.  This  sulist,">nce  is  powerfully  attacked  both  by  hydro- 
loric  and  sulphuric  acid,  but  the  decomposition  is  incomplete  [by  this 
aractcr  it  is  ([i.-itinguishcd  from  ordinary  talc].  (Wackenrodur.) 
/.  Funr-thirds  aiticiite  of  Maijiitiiia. — Sttatiif. — Dense;  of  uneven,  splin- 
fracture;  specific  gravity  2'(>;  soft  and  unctuous  to  the  touch; 
lightly  tratiBJucciit.  Before  the  blowpipe,  it  fuses  at  the  edges  to  a  white 
iDauie],  when  ignited  with  solution  of  cobalt,  it  afisumes  a  pale  red  colour. 
Not  docomposea  by  acids. 


I 


I 


400 


SILICIUM. 


LTchncU. 


Steatite,  a,  6.  e.  i. 

3MgO 60  32-61         3S.|2        3023        27-70         3430 

4SiO'  124  67-3<)        66-53        6lJ-70        64-33         C3I3 

KO 

FIbO     „.  trace.  2-41  6-85  2-27 

AK)»  - 

HO 


184 


lOU-00 


99-95 


99-34         99-08 


99-70 


MgO,SiO=  +  2MKO,3SiO'.— a  is  Steatite  from  China, — 6  from  Monl 
Caunegou, — c  from  ScotlanJ, — d  from  Sain. 

g.  SaquitUicaif.  of  M agnosia. — x.  ArJij/drotm, — A  mixture  of  2  atomt 
of  luai^ncaia  with  3  atoma  of  silica  yields,  after  two  hours'  exposure  to  tbo 
beat  of  a  [towerful  blast-furnace,  un  enamel  riimilar  to  that  obtaiued  with 
ei|ual  numbers  of  atoma  (III.,  307),  excepting  that  it  ie  mure  crystalline, 
and  does  not  fuse  so  comjile tely.  (Seft«tr6ni.) 

/3.  Hi/draUd. — Metr$cA'ium. — Amorphous;  porous;  specific  gravity 
from  1  -3  to  1  ■(>;  fracture,  earthy;  soft,  tenacious,  and  opaque.  It  evolre* 
water  on  ignition:  shrinks  up  before  the  blowpipe  and  becomes  hard, 
faaing  at  the  edges  to  a  white  enamel.  When  ignited  with  cobalt  sola- 
tion,  It  assumes  a  pale-red  colour.  The  mineral  is  decomposed  by  hydro- 
chloric acid  with  separation  of  silica  in  viscid  flakes.  According  to 
Dobereiner  (J.  pr.  C/tem.  17,  157),  meerschaum  deprived,  by  very  gentle 
heating,  of  its  water  of  hydration,  gives  out  a  considerable  ijaautitv  of 
heat  when  dipped  for  a  short  time  into  cold  water;  ami  moreover,  rapidly 
absorbs  from  the  air  the  water  which  it  has  lost;  but  not  after  strong 
ignition. 

According  to  the  same  authority,  artificial  meerschaum  is  obtained  u 
a  light,  strongly  coherent  mass,  yieliling  to  the  knife,  by  precipitating  a 
very  dilute  solution  of  sulphate  of  magnesia  with  sesquisilicate  of  potash, 
washing  the  pasty  precipitate  for  a  considerable  time,  and  drying  it  in 
the  air. 


I 


!MsO.. 
3SiO' .. 
2HO  .. 
Fe'O'.. 
APC. 


Meertehaum. 
40  26-49 

93  61-59 

18  11-92 


Lychnell. 

a. 
27-80 
60-87 
11-29 

009 


Berthier. 


6. 
25 
50 
25 


c. 
23-8 
S3-8 
200 

1-2 


d. 
24-0 
54-0 
2U-0 

1-4 


FeO 


Tcnnjint. 

e. 

23-65 

50-70 

20-60 

1-70 

3-55 


151 


100-00 


100-03 


100 


98-8 


99-4 


100  20 


2MgO,  3SiO'-f2Aq. — a  and  6  are  specimens  of  meerschaum  from  the 
Levant, — c  from  Cabanas, — d  from  Coulomiers, — e  is  Thomson's  ni.igne- 
site.  The  analyses  h  to  e  give  4  instead  of  2  atoms  of  water;  Dobereiner 
also  found  4  atoms.  Lvchnell  had  previously  freed  the  meerschaum  from 
raechauically  combineJ  water  by  drying  it  in  vacuo  over  oil  of  vitriol. 

B.  Fl0oride  of  Silicium  and  Magnesium. — A  solution  of  magncsift 
in  liydrofluosilicic  acid  yields  on  evaporation  a  transparent,  yellowish, 
gummy  mass,  easily  soluble  in  water.  (Berzeliiis.) 


Si    . 
3F 


Calculation. 
12-0       ....       14-44 
15-0      ....       18-05 
56-1       ....       67-51 


MgF.SiP  ft:i-\ 


\uo-uo 
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C.  Stmcate  op  Maqnesia  with  FLroRiDE  OP  Maoxesiitm. — Choti- 
drodite. — Cn'stalline  system,  tlie  oblique  prisjuatic.  Fi<f.  85,  without  the 
i  and /-faces;  i  :  the  c<fge  between  u'  ami  a  =  112"  12';  «'  :  «  =  HT""  4s'j 
•  :  <  "=  lor  Siy;  a  :  a  =  loT'';  a  :  it'  orw  =  ICl^  44';  I  :  v}  =  106'  C; 
cleavago  parallel  to  i',  ami  less  distinct  parallel  to  «t  and  t.  (Hauy.) 
S|iecific  gravity  from  3'12  to  3'19;  harder  than  felspar.  When  strongly 
licatcd  in  the  bloiv])ipc-flame,  it  evolves  Lydrofluoric  acid  and  fuses  at  the 
edges.  With  niicrocosmic  salt  it  yieliLs  hydrofluoric  acid  and  an  insoluble 
skeleton  of  silica;  with  borax,  a  clear  glass  after  a  long  time;  but  by 
interrupted  blowing  or  flaming,  the  glass  becomes  opaque  and  crystalline. 
With  a  small  proportion  of  carbonate  of  soda,  a  difficultly  fusible,  greyish 
elag  is  obtained;  but  with  a  larger  quantity,  a  blistered  infusible  mass.  It 
acquires  a  slight  red  tinge  when  ignited  with  solution  of  cobalt,  provided 
the  quantity  of  iron  present  is  not  too  groat.  Oil  of  vitriol  decomposes  it 
completely,  with  evolution  of  gaseous  fluoride  of  siliciuni.  It  dissolves  in 
hydrochloric  acid,  with  separation  of  gelatinous  silica. 


ChondrodUt. 

Rnmmelsherg. 

. 

Thomson 

a. 

b. 

c.        ^           rf. 

8MgO 

lCO-0    .. 

..     CO-68     . 

..     5612 

....     5G-61     .... 

54-50 

...     54-64 

3.SiO»  

93-0    .. 

..    35-27     . 

..     33-^1 

....     33-10     .... 

3310 

...     36-00 

F  — O 

10-7     .. 

405     . 

4-30 

....       4-97     .... 

6-7i 

...       3  ■7.1 

FeO „ 

..      3-57 

....       2-35     .... 

5-54 

...       3-97 

HO 

...       1-62 

263-7 


100-00 


'J7aO 


9703 


99-89 


99-98 


Probably  arranged  as:  3(2MgO,  SiO')  +  (MgO,  MgF.)— A  portion  of 
the  mugnchia  is  replaced  by  protoxide  of  iron; — a  is  yellow  Chondrodito 
from  North  America;— i,  a  yellow  specimen  from  Pargasj^-c,  a  grey 
vnriety  from  I'argas; — (/,  a  reddish  yellow  variety  from  Eden  near  New 
York. 

D.  Silicate  OF  Magnesia  axd  Lime, — a.  Bibaile. — a.  Many  furnuce- 
tAasn  having  the  crystalline  form  of  olivine,  contain  one  atom  of  silicic 
aciu  to  2  atoms  of  magnesia  and  lime.  (Mit-scherlich,  Ann.  Chim.  Phy$. 
24,  3j5.)  a  mixture  of  one  atom  of  lime,  one  atom  of  magnesia,  and 
one  atom  of  silica  exposed  for  two  hours  to  the  heat  of  a  forge,  yields  a 
thoronghly  fused,  pale  bluish-green  glass,  with  a  granulated  fracture. 
(Sefstrom.) — Lime,  magnesia,  ancl  silica  in  equal  parts  fuse  to  a  greenish 
gla88,  wLich  emits  sparks  when  struck  with  steel.  If  the  proportion  of 
lime  be  increased,  the  fusibility  remains  nearly  the  same;  with  a  larger 
proportion  of  isilica,  it  is  less;  and  excess  of  magnesia  renders  the  mixture 
infu.^ible.  (Achard.) 

|9.  B'ttrachilf. — Fusible  before  the  blowpi]>e;  with  microeusmic  «iilt  it 
yield's  a  skeleton  of  silica;  it  Is  but  feebly  acted  on  by  acids.  (Rammels- 

l>«i"if.  f'<Jff<;-  51,  44G.) 

DatrachUe.  lUmmelsberg. 

2C«0  5C        ....        35-44  ,...  35  45 

2MgO 40        ....        25-32  ....  21-79 

FeO ....  ....  2-99 

2.'<ia' 62        ...        39-24  ....  3769 

no .^ 1-27 

15«         Z       100-00        1.        9919 

2C«0,  SiO'-f-2MgO,  SiO'.  A  portion  of  uiagne«ia  is  replaced  by  prot- 
oxide of  iron, 

vol..  lit.  ^\» 
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b.  ifonotilicaU  of  Magnnia  and  Lime. — a.  When  one  atom  of  Ihi 
fused  with  one  atom  of  magnesiu  and  i  atoms  of  silica,  or  one  i 
lirao  with  2  iitome  of  raa)j:ne!iia  and  6  atoms  of  silica,  and  the  \u»at  ▼* 
slowly  cooled,  it  crystallizes  ia  the  form  of  aiigite.  The  first  mixta 
yield*  n  niacM  resembling  ordinary  aa^itu;  the  latter,  a  mass  like  iui|| 
from  Finland.  (Rerthier,  Ann.  Ckim.  r/t}i».  24,  376.)— In  the  oavitit*  ( 
a  slag  from  au  irou-furnaco  fed  with  a  hot-air  bhist,  Nogjjerath  (7.  f 
Chrm.  go,  501)  found  artificial  crystals  of  angite. — Sefstriim  expoisod  ij 
three  earths  in  the  following  proportion*  to  tue  heat  of  a  powerful  wia 
furnaee,  and  obtained  the  uunexod  results  in  well  fnsed  masses;  C«0,SI 
+  MsrO,  SiO':  opaline  glass,  crystalline  in  some  parts;  CaO,SiO'-t-3(MJ 
SiO'):  enamel,  crystalline  in  some  parts;  2(CaO,SiO')-t- MgO.SiB 
opalescent  glass,  with  granulated  fracture.  I 

ft.  Auyite. — Crystullino  system,  the  oblique  prismatic,  /'•j;.  99  n 
the  ^face;  Fiff.  103,  106,  and  numerous  other  f<>rm»;  i  :  t  =.  lUfi^J 
»■  :  a  =  lOO  ;"u  :  «'  =  87°  42';  t  :  «  or  m'  =  133°  51;  m  :  m  or  M»| 
130°  !)';  cleavage  parallel  to  «  and  »/',  and  less  distinct  panilletfl 
m  ami  f.  (Hauy.)  Specific  gravity  from  32  to  3  5;  hardness  betwd 
apatite  and  felspar.  Fuses  with  various  degrees  of  facility  acrordinM 
its  composition.  Diopsido  yields  a  colourless,  almost  transparent  ebl 
ferruginous  augite,  a  dark  coloured  gla.ss.  Augite  dissolves  roMMfl 
borax,  but  with  difficulty  in  microcosniic  i'.nit,  forming  a  skeletuD  d^H 
It  is  scarcely  attacked  by  hydrochloric  acid.  1 

Wackenroder.    BanadoHT.  II.  Rose.       I 

a.  b.                 c.  A I 

<kQ „  28         25-46     ....  24-74  ..  24-76  ....  23'57  ....  Mil 

M(0    20         18-18     ....  1822  ....  18-59  ....  1649  ....  iHI 

MnO     ....  018  ....  0-32  ....       042  ....  S-M 

FeO  ...  2-50  ....  0-99  ...       444  ....  I'll 

2SiO»    62        56-36     ...  54-16  ....  64-83  ...  54-86  ....  S4'W 

Al'O'    ....  0-20  ....  0  28  ....       0-21 

no     100-00    ....    10000   ...    99-73   ..    9939    ...    loo-alj 

a  is  Diopside  from  Fassa; — b,  from  Tammare; — c,  8alite,  from  SolaJ 
d,  Malacolitc.  from  Orrijerfvi.  1 

In  the  following  specimens  of  augite,  the  magnesia  is  replaced,  son 
times  about  half,  and  sometimes  almost  wholly,  by  protoxide  of  iron.    1 

Calculation.  II.  R^ge.  I 

a.  I 

»C»0    66-0        ....          23-81  ...  83-47  I 

MgO 20-0        ...            8-50  ....           U-49  I 

MrO ....  ....            0-61  I 

PeO  35-2        ..           14-97  ....           1002  I 

4SiO» 124-0         ....           52  72  ....  5408  I 

235-2         ....         100-00        .  .  99-67  I 

Calculation.  H.  Rom.  Bcnelius.  I 

b.  c.  I 

CaO   28-0          22-37  ...  20-87  ....  8000  I 

MgO  ....  2  98  ....  4-50  I 

MnO  ....  trace.  ...  .H-00  I 

FeO     35-2          2811  ....  2608  ....  18  85  I 

2SiO' 62-0          49-52  ....  4901  ....  5000  J 

125-2        IQO-QQ        ....         98-94        ....         96-36  I 
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a  is  Mtilacolite  from  Dalecarlia. — 6,  Uedenbergite  from  Tanaberg. — 
0,  reddish  brown  Malacolite  from  Dagerb. 

Aluminous  Auf/ite. — Tlio  alumina  probably  exists  in  the  mineral  as  a 
garnet-compound  (3MgO,  APO',  3SiO',  for  example),  mixed  with  the 
augite*. 

Kudcrnulacli. 

a.  b.                 c.  d. 

6CoO 1680          21-60              1890  2296  2229  19-57 

6MgO   120-0           15-43               16-91  HiZ  13-01  13-48 

FeO  35-2            ■I-53                726  625  796  1204 

AJ»0« 51-4              6-61                  6-47  5-37  485  402 

13SiO»  4030           51-83               50-73  5090  50-55  5015 

777-6         100-00  100-27         9991  98-66  99-26 

Tho  composition  is  therefore  about  (6CaO,  3MgO,  FeO,  UlSiO')  + 
(3MgO,  Al'O',  aSiO"),  that  is  to  say,  5  atoms  of  au^rite  to  1  atom  of  garuet. 
a  is  ordinary  Augite  from  the  Rhone;  b,  from  Vesuvius;  c,  from  Etna; 
<l,  from  Fa^sa.  The  conipositiouof  the  latter,  which  is  richer  in  protoxide 
of  iron  and  poorer  in  alumina,  may  be  expressed  by  the  following  formula: 
(J)CftO,5MgO,4FeO,  lSSiO')-l-(3iMgO,  Al=0',3SiO^);  that  is  to  say,  9 
atoms  of  augite  to  1  atom  of  garnet. 

Jtialla  ,r  or  Bromitf  alio  contains  1  atom  of  silica  to  each  atom  of  base, 
consisting  of  lime,  magnesia,  protoxide  of  manganese,  and  protoxide  of 
iron,  in  variable  proportions;  moreover,  there  is  generally  present 
from  1  to  4  per  cent,  of  alumina,  and  j  to  4  per  cent,  of  water.  These 
last-racnlioiied  ingredients  appear  to  exist,  sometimes  in  the  form  of 
bydrated  silicate  of  alumina  (AFO",  2SiO*,2Aq.),  sometimes  in  tho  form 
of  hyilrate  of  alumina,  as  tbe  following  arrangement  of  tho  calculationa 
will  show : 

KiiliK-r, 
--  '^  -^ 

Diallagf.  a.  b. 

lU'aO  30'  17-02  ,,..  1706  ...  1909 

liMgO '        I  10  57  ....  17  55  ....  14-91 

4Fr<)  mO-8  7-781                         o.na  /  •  *fl7 

MnO   /  -  ■             " ""  \  ....  0-38 

32SiO'  9920  54-80  ....  5371  ....  53-20 

AI-0> 51-4  2-84  ....             2-B2  ....  2-47 

2HO 18-0  0  99  ....             1-04  ....  177 

1810-2         100-00        ~.         100-26        Z         10049 


•  ^,  Tlic  following  theory  of  Bonsdorfl",  thiit  in  nluminoos  augitfs,  and  likewiM 
in  aiuiibibolites,  &e.  (pp.  405 — tO«),  a  portion  of  silicn  may  very  pos-ilily  be  repUci'd  by 
alumina,  in  the  proportion  of  '>.si()'  :  3.\l-( »"  (or  SiO'  =  Al'O-'').  is  coufirtned  by  b'cbeerer 
(Pogg.  70,  545),  The  theory  ia  priiicip-illy  ba.«cd  upon  the  fact,  that  by  adding  two-thirdi 
of  the  oiygen  of  the  alumina  to  tbiit  of  ihc  silica  to  form  the  elei-tro-negntive  element, 
and  enmparing  it  with  thr  oxyijen  of  the  el.-ctro-positive  element,  the  proportions  ob- 
tained  arc  very  near  to  the  numbcn  27-81  :  13-'J0,  which  correspond  to  the  formula 
3RO.  2SiO'.  Tliis  anulnpy  may  be  trnred  by  tlie  analyses  through  a  great  many  .ipetrics 
of  aiiplc,  beside*  Uiallnge,  Pau'lite,  and  Gedrite  (a  mineral  disanercd  by  Uufrt-noy  in 
the  Pyn-nees.  and  resembling  Haulite  or  Hypprnthene.)  In  the  case  of  llomblendo  and 
allied'niinerals,  the  proportions  are  l^'.t  :  VS,  or  by  raleulation,  28-5  :  12-7,  which  cor- 
rcsp<iiiiU  to  the  formula  RO,  hiO"  +  3RO,  2SiCy.  The  objection  to  thin  theory  lies  in 
the  f,i<t  thai  tnlc,  the  formula  of  wliiih  is  3RO,  2SiO^,  crystallizes  in  rhombic-  prisma, 
while  spinelle.  with  the  formula  RO,  AI-'CV  or  3RO,  i.KVO',  forms  regular  octoliedrona. 
Schcerer,  in  remarking  on  Ibis  f.iet,  di-nies  thnt  il  is  inconsistent  with  the  aboye  Tiew, 
but  does  not  state  the  grouuds  on  which  his  conclusion  is  hucdi.  \ 
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SlLtCIUM. 

Dialtagr. 

Kohler. 

1 

f. 

rf. 

^^^^ 

'f'"  

29  0 

2-38 

1-30 

.... 

•J  IS 

^^H 

^^EbmcO  

3000 

30-63 

32-67 

29-«8 

^^H 

^HSfm} 

105-6 

8-98 

7-46 

.... 

8-4« 

^^H 

^^E(nO   .„ 

. 

.... 

035 

..- 

O-M    1 

^^H 

^^Kun> 

8820 

58'01 

57-19 

■••• 

k6-81    1 

^^H 

^^^APO»  

0-70 

.... 

2-07 

■ 

HO 

0-63 

.... 

0-22 

1175-0 


100-00 


100-30 


I00« 


n,  i«  Dialla^jo  from  the  Gabbro  of  Baste;  6,  from  the  Gahbro  of  PnU«, 
near  Florence;  c,  from  the  basalt  of  Stempel,  near  Marburg;  rf,  from  the 
Seefclil   Alp  in  tlio  Tyrol.     The  approximate  formula  for  a  an. I 
30{CaO,  MgO,  FcO)30SiO'  + A1=0',  2SiO'  +  2Aq.;  in  tli.at  for  c  and 
miiiaanil  water  are  not  t.ikon  into  account.    Diallage  from  the  Eui- 
of  Corsica  appears,  ac«orilintr  to  Boulanger's  analysis,  to  consist  of  ■' 
MgO,.MnO,FcO),5SiO'  +  MgO,  Al'OVSAq.;  that   is  to  say,    n.  m 
of  a  atoms  of  au^ite  and  1  atom  of  a  variety  of  epinelle  oontaiii:-^ 
Atoms  of  water. 

llyperslheiK  or  PaulUe  has  likewise  a  composition  oorrespondiug 
that  of  augite. 

H  A  mineral  closely  related  to  Bronzite,  and  containing  vaaadi 
has  been  c\.imined  by  Schafhiiutl,  and  named  VanadU  liromitr.     It  is 
fo\ind  at  Bracco  in  the  steatite  formation   on  the  co.'vst  of  Genon    -  ■  ' 
occurs  in  tolerably  large  laminie,  with  one  very  distinct,  and  t« 
defined  cleavage  planes.     Its  fracture  is  somewhat  curved  ami  b- 
it  has  a  inothcr-of-pearl  lustre;  is  translucent  in  iliin  jilates,  .id.' 
greenish  grey  colour.    Somewh.at  loss  hard  than  felq)ar,  and  easilv*  br.jiicn. 
When  treated  with  dilute  hydrochloric  acid,  it  acquii-es  a  light  apple- 
green  colour.     Sp.  gr.  =  3-25.5.     When  exposed  to  the  blowpipe  flai 
in  thin  laminx,  it  separates  lengthwise  into  threads,  and,  in  the  ou 
flame,  fuses  at  the  edges;  in  the  inner  Game,  it  emits  a  bright  light,  an' 
melts  to  a  brown  bead.     With  borax,  on  platinum  wire,  it  fuses  to  a 
gliis.s  which  is  yellow  while  hot,  and  remains  yellow  on  cooling,  if  toloni- 
bly  s.iturated ;   in    the   inner  flame,  a  yellow   glass  is  produced,   wlucli 
becomes  bluish  green  on  cooling,  anil  again  changes  to  yellow  in  the  outer 
flame.     With  inicrocosmic  salt,  in   the  outer  flame,  silica  is  ee]>aral(>d, 
and  a  yellow  glass  obtained,  the  colour  of  which  disappears  as  it  cooU;  a 
similar  result  is  obtained  in  the  inner  flame,  excepting   that   the 
sometimes  becomes  greenbh  on  cooling. 


««W 


in^ 


ScllllfbB'lll. 


MsO 
PeO    . 
VnO  , 

N»0  , 
SiO»   . 
A|50« 
HO 


Vanadie  Urousite. 

1813 

1-I12 
3-23  ] 
3-l'.5   } 
3-75  ) 

4«-.10 
5-55 
1-77 


FeO 


M9-70 


Ordinarjf  lironzUt, 
18-28 
15-i;9 

8-23 


51-34 
4-39 
2-U 

100-04 


The  formula  of  Vanadie  Bronzite  is  not  given  by  Schafhantl;  but 

ci"     ■      ly  rvsem'ble  that  of  ordinaij 


SiO'  is  adopted  instead  of  SiCH,  it  wi 
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Bronzite,  in  which  part  of  tlio  protoxide  of  iron  ia  replaced  hy  oxide  of 
vanodiumjiDd  soda.  {Ann,  F/tartit.  51,  254.)  IT 

c.  Sixffths  Silicate  of  Mngnesia  and  Lime. — Ilornhletide,  Amphibolt. 
Crystalline  syst*!!!!,  the  obliquo  prismatic.  Primary  fumi,  Fig.  81, 
together  with  other  forms-,  cejiccially  with  the  faces  m,  t,  «,  A,/;  t  :  u'  or 
«  =  lOG^  55';  (  :  m  (or  the  edjjfe  hetween  u'  and  «)  =  104^  57';  «  :  <  ^ 
105^  11';  A  :  <  =  105°  11';  «'  :  u  =  124'  34';  «  :  m  =  152'  17';  u  :  i 
=  117"  43*.  Cieava;;e  distinct  parallel  to  u'  and  u;  less  distinct  parallel 
to  m  anil  (.  (Hauy.)  Hanlncss  hetween  apatite  and  felspar.  Swells 
up  when  heated,  and  fuses  with  various  degrees  of  facility  (the  more  mag- 
nesia there  ia  present,  the  higher  is  the  temperature  required),  forming  a 
colourless,  or  if  it  contains  iron,  a  coloured  glass.  It  sometimes  resists 
the  action  of  hydrochloric  and  sulphuric  acids;  at  other  times,  when  iron 
is  present,  it  is  slightly  decomposed  hy  them. 

It  may  in  general  he  regarded  as  3(MO,SiO')  +  2M0,  3SiO'.  The 
symbol  MO  denotes  a  mixture  in  variable  proportions  of  lime,  magnesia, 
protoxide  of  iron,  and  protoxide  of  manganese.  Fluoride  of  calcium  olso 
is  generally  present  in  small  and  variable  quantities,  and  therefore  most 
arobahly  in  a  state  of  mechanical  mixture.      Many  varieties  of  horn- 

ilcnde  likewise  contain  alumina,  probably  in  the  form  of  MgO,  APO', 
FeO,  APO^  or  a  mixture  of  the  two;  in  short,  mixed  in  variable 

roportiuns  with  the  hornblende,  in  the  form  of  a  compound  analogous  to 
»]>iiiclle  or  zeilanite.  At  all  events,  when  the  quantities  of  the  different 
substances  found  by  analysis  are  divided  by  their  atomic  weight,  so  as  to 
obtain  the  atomic  numbers  '(!.,  52)  and  from  the  atomic  nunilers  of  the 
stronger  ba«es  (CaO,  MgO,  MnO,  FeO)  a  quantity  equal  to  the  atomic 
number  of  the  hypotheticully  anhydrou.s  fluoric  acid  and  of  the  alumina 
i»  deducted,  the  remaining  atomic  number  of  the  stronger  basses  is  to  that 
of  the  silicic  acid,  for  the  most  part,  as  5  :  6. 

TremoliU,  GrammatiU.      Specific  gravity  =  2-93;    swells  up  on 

tposnre  to  heat,  and  fuses  with  diiiiculty  to  a  colourless  gloss. 
/9.  AciynoUie.  {Stiahlstein.)    Specific  gravity  =  303.   Coloured  green 
_by  chromium  and  iron. 

BonsdorfT. 


^ 

At. 

Trmolite. 

a. 

4. 

c«o 

6       ... 

1C80 

1374 

12-73 

14-11 

MgO    .. 

...       15       ... 

3000 

24-53 

24-31 

25-00 

PeO 

100 

050 

1      MnO    .... 

••••                                                   ••• 

047 

SiO-' 

...      24       .... 

744-0 

CO-85 

60-10 

59-75 

P-O  .... 

I       .... 

107 

0-88 

0-83 

0-94 

A1»0»  .... 

..•                                *•>• 

..M                                                        ... 

0-42 

true. 

HO 

... 

.... 

0-16 

0-10 

12227 

....       10000 

100-01 

100-40 

At. 

Acljfnolilt. 

Bonsdorir. 

^^K 

Crf).„ 

5-5 

14  02 

14-25 

^^^^^H 

«i«o 

...       U-5 

20-94 

21-10 

^^^^^H 

iSb 

1-5 

4-81 

3-95 

^^^^^B 

MnO  „„. 

. 

0-31 

^^^^^V 

ao»  

.„      210 

59-26 

59-75 

^^B 

P-O 

0-97 

0-76 

10000 


lOO'U 
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a  ia  Tremolite  from  Fnhlun; — h,  from  OnllsjB; — c  i»  Actjmolile  fn 
Tnbcrg.  The  calculation  for  tremolite  a,  gives  6  +  15  =21  ntomn 
ba^c;  and  if  from  tliia  we  oulitract  one  atom  for  the  hypotheticiillv  .itiLj 
drous  fluoric  ac-iii,  there  reiimiii  "JO  atoms  of  b:i«o  to  24  atoms  fif  silio 
acid  =  5  :  (i.  In  actynolito,  the  atoms  of  hose  uinoiiut  to  .i-5  +  1 1  -5  •*- 11 
=  lS-5,  and  after  the  snhtraction  of  one  atom  for  the  hydrofluoric  ac 
thero  remain  17-5  atoms,  which  arc  corabiued  with  21  atoms  of  »ilic 
acid;  17-5  :  21=5  :  0. 

y.  Anthophi/Uitf.     Specific  gravity,  3-12;  fuaea  with  great  difEculij 
to  a  blackish  grey  glass, — not  decomposed  by  acids. 


L.Gmelin. 

VopeUua. 

Thonudl 

c»o 

M^ 

MttO 

VM>  

At. 
.      1 
.     IB 
1 
.      6 
.    30 
..      I 

AHlhophylliU. 

28  0  1-73 
3G0-0         22-28 

35-6  2-20 
211-2  13-07 
930-0         57-54 

ai-4           3-18 

Ftthlun. 

2  .... 
....       23     .... 

4     .,„ 
....      13     .... 
....      56    .... 

3  .... 

Kongilerg. 

24-35     'Z 

2-38     .... 

13-94     .... 

66-74     .... 

1-67    Z 

Prrt*. 

29-30 

2-10 

«0»  

APO» 

HO    

57M 
3-20 
3-SS 

1616-2      100-00    ....     101 


99-08    ... 


99-30 


If  from  the  26  atoms  of  base,  one  atom  be  subtracted  for  the  alumiDO. 
there  will  remain  2.5  atoms  of  base  to  30  atoms  of  silica  =  5  :  6;  but  the 
analysoa  give  rather  too  small  a  q^uantity  of  silicic  acid  for  this  calculatiol 

i.  Common   Ilurnhlende.     Specific  gravity   3'0   to  3-4.     Dark  grce 
readily  swelling  up  and  fii«ing  to  a  dark  glass.     Distinguished  by  t 
presence  of  a  largo  amount  of  protoxiile  "f  iron  and  a  compound  coll 
taining  alumina.      It  may  be  regarded  as  5,CnO;  MgO;  FeO;  MnC 
eSiO  +  i-CaF  +  j-MgO.Al'O'or  FeO,  Al  0».    This  formula  is  substaoiiate 
by  the  annexed  calculations,  in   which  also   the  tluorine   ia  taken  into 
account. 


At. 

CaO 5 

MgO  12 

FcO 1 

MnO  

SiO»    16-8 

A1'0»  3 

F-O 1 

HO 


TrrmoHte 

HO-0      .... 

12-72 

240-0       .... 

21-80 

35-2       .... 

3-19 

520-8      .... 

47-31 

154-2       .... 

1401 

10-7       .... 

0-97 

Boii«lorft , 
a. 
12-73 
21-86 

2-28 

0-57 
47-21 
13-94 

0-90 

0-44 


1100-9 


100-00 


99-93 


At. 

CaO 3-2 

MgO   6-4 

FeO 1-5 

MnO   

SiO' 10-2 

Al'O"'  1-6 

F-O  1 


Common  Hornblende. 

89-6       ....         1319 

1280      ....         18-84 

62-8       ....  7-77 


316-2 
82-2 
10-7 


46-33 

1210 

1-57 


Bonsdorff. 

6. 

13-83 

18-70 

7-32 

0-22 

45-69 

12-18 

1-50 


679-5 


100-00 


99-53 
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At. 

Common  HombtcAdr. 

e. 

c«o 

..       9 

.       2520 

9-82 

1016 

?r 

...     165 

..       3300 

1285 

13-6i 

...     U 

...       492-8 

1919 

18"5 

MnO    ... 

1-15 

8iO« 

...     43 

.,     1.1020 

60-71 

48-83 

A1«0»  .... 

...       S-5 

...       1801       .. 

701 

7-48 

P-O  .... 

...       1 

10-7 

0-42 

0  41 

HO 

050 

2567-6 

.       10000 

...       10089 

KuilrrnaUeh. 


At. 

f- 

ralitt. 

d. 

CO 

S 

...       140-0 

12-70 

12-47 

MgO  

_       7 

...      140-0 

12-70 

12-90 

FeO 

...       5 

...      1760 

1596 

16-37 

ttnO  

,, 

WO* 

..     19-2 

..      595-2 

53-98 

5305 

A1«0»  

1 

51-4 

4-66 

4-56 

1102-6 

10000 

99-35 

An 

C»0 2 

MffO  3 

FeO 1 

MnO   

K0» 6 

AI»0»  1 

HO 


Ciimmon  Homblendt. 
56-0         ....         14-41 
60-0         .„.         15-44 
35-2        ....  905 


186-0 
Sl<4 


47-86 
13-24 


Hisinger, 

e. 

13-92 

16-34 

7-74 

1-50 

4538 

1382 

0-24 


388-6 


100-00 


98-94 


a  is  the  so-calle<l  Grammatite  from  Acre; — 6,  Hejmblende  from 
Pargas; — c.  Hornblende  from  Nordmark; — </,  Umlite  from  the  Baltic  Sea; 
e,  Hornblende  from  Lindbo. — In  a,  the  number  of  ntonis  of  the  stroiijier 
bafleH  anioiiDta  to  o+l2-t-l  =  18;  thiit  of  tlic  alumina  and  hydrnflnorio 
d  to  3  +  1  =  4;  and  if  4  atoms  of  tiie  ba«C8  are  in  combination  with 
IC80,  there  remain  18  —  4  =;  14;  these  14  atoms  of  b.mo  are  to  the  16'2 
iitoms  of  silicic  acid  in  the  proportion  of  5  : 0.  Similarly,  with  the  other 
oalculations. 

Or<lin{try  Ashnlon,  Amiant/i,  Woo<]-n»hailo»,  Petrijifd  Corl;  Iii/s>oU(e, 
4c.  c«n8i«t  of  tremolite,  actynolite,  anthophyllito,  or  common  horublende 
in  a  rerj  Sue,  fibrous  state. 


Bon»(lorff, 

Han. 

Helntn, 

At. 

Atbetio: 

0. 

i. 

e. 

£•0 

..       8-5     . 

..     2380 

15-34     . 

..       15-35     .... 

0-04     .. 

Ego 

..     16 

..     320-0 

20-63     . 

22-10     .... 

31-38     .. 

31-02 

IS) 

1'6     . 

52-8 

3-40     . 

3-08     .... 
0-21     .... 

9-22     .. 
trace.     .. 

8-27 

WnO   

SiOS  

.30 

..    9300 

59-94     . 

...       58-20     .... 

58-48     . 

.      59-23 

AlW  ,  . 

0-14     .... 

0-88     .. 

0-19 

F-O  .  . 

...       1 

10-7 

069 

0-66 

r 

0-14     .... 

- 

131 

1551-5    lUO-00  ....  100-08 


100-00 


100-02 


a  i«  Asbestos  from  the  Tarentaisej^-^,  Asbestos  from  Koruk,  rety  diffi.* 
bU  of  fusion; — c,  Asbestos  from  Techussowaja  in  tb«  Ural,     a  r«MiiiUni 
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trenolitc  in  cornposition,  I  and  c  rescnihlc  untlutplivllite;  &aiid  e  wn< 
1  of  iiboul  .>FcO,  SOMfK),  42SiO';  the  ^uiuitity  of  silica  gircn  by  I 
rtca  i«,  howover,  ratbcr  too  email  for  this  calculation. 
6.  Ro»o  (Po</ff.  22,  321)  considers  that  augite  and  borr-"—  '- 
to  the  sumo  cliiss,  and  for  tbe  following;  reasons:  the  an^e! 
titciic  niinentis  may  be  reduced  to  those  of  the  other;  crT,-st;ii.'-  nn-  loanl 
in  the  form  of  augitc  and  with  the  cleavage-plane*  of  Loroblend«;  wfc«B 
crystals  of  au;,'ite  and  hornblende  have  grown  together,  tbcir  »xem  ut 
parallel;  the  i-pocitic  gravity  and  composition  of  the  two  mioeials  ai«  idea; 
Ileal ;  if  the  fu.s<.-d  m:ia»  \a  rapidly  cooled,  it  assumes  tbe 
Dgite,  and  if  slowlv  cooled,  it  seems  to  crvstallixo  in  the  forii; 
When,  therefore,  both  are  found  together,  the  hornblende  tuirouijdsT 
crystals  of  augilo,  which  are  the  first  produced.  From  tbi.s  cnuso,  hon»-' 
blende  is  accoMipanii^l  by  quartz,  fols'par,  nlhite,  and  other  mineralt. 
which  are  fornieil  by  the  t'low  cooling  of  molten  masses;  augitc,  on  tlie 
contrary,  is  found  witli  olivine,  which  crystallizes  by  rapid  cooling.  For 
the  same  rciumn,  slays,  from  being  too  quickly  cooled,  yielil  only  cmtolt 
of  augito.  According  to  Milacherlich  iind  Berthier,  also,  tbe  fusing  topv 
ther  of  lime,  magnesia,  and  iilica  yields  white  crystals  of  augitr,  birt 
Done  of  hornblende;  auil  even  tremolite,  fused  liy  Mitscherlich  and  Ber- 
thier in  u  charcoal  crucible, — or  aetymdile,  by  G.  Rose,  in  a  platinarncn- 
cihle  in  a  potter's  furnace — solidified  to  a  mass  conj-isting  of  dittUKt 
crrstaU  of  augito.  (G.  Rose.)— It  is  remarkable  that  horubleudo  i««l^ 
richer  in  silica  than  ougite. 

li.  Sef/iiitilicat^  of  Magtitsia  and  Limr. — One  atom  of  lime,  one  i 
of  magnesia,  and  3  atoms  of  silica  exposed  to  the  heat  of  a  forge,  yidi'i 
Tcry  fusible  enamel  of  tho  colour  of  pearl.  (Scfstroni.) 


SlLICICM   AND   CeHICM. 

DisiLtCATE  OF   Cerocs   Oxide. — C^TiVf.  — Dense;   specific  gravityJI 
4'8.. .4-1)3;  fracture  splintered;  harder  than  apatite;  colour,  dark  |)eacli- 
red,  inclining  to  brown;  slightly  translucent  at  the  edges.     The  mineral  I 
yields   water   M-hen   heated;   it   la  infu.sible  before   the  blowpipe  alone,! 
but  dissolves  slowly  in  borax  in  the  inner  tlame,  forming  a  dark  yellon 
glass,  which  becomes  colourless  as  it  cools;  but  hy  /ttiminr;,  or  rxposurel 
to  interrupted  blasts,  it  ia  reudered  enamel-white;  it  behaves  in  a  similar 
manner  with  microcosmic  salt,  excepting  that,  in  this  case,  an  iufusihle 
leleton  of  silica  remains;  with  carbonate  of  soda  it  yields  a  dark  ycUowi 
aag.     Cerite  in  a  finely-divided  state  dissolves  cisily  in  hydrochloric  acid] 
'(and  still  more  easily  after  ignition),  with  separation  of  gektinuns  silicA. 

Crrilt.  Hianger.  Vouquelin. 

2CeO    108  68-:8        ....         68-5U         ....  C7 

SiO' :\\  19-75        ....         18-00         ....  17 

2»o 18        11-47      ...        yeo      ,  .        12 

CaO  ....  200         ...  2 

Fo»0>   .._ ....  1-25         .  .  2 

2CcO.  8iO'  +  2Aq 157         10000        ...         9944         ....         100 

With  the  protoxide  of  cerium,  oxide  of  lanthanum  :  •  '       ' "    ofdidy-j 
mium  are  also  mixed  (Moe.auder);  cerite  likewise  cont;:;  ofyttriaj 

and  cobalt.  (Berzelius.) 


GADOLINITE. 
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SiLioiuM  AND  Yttrium. 


A.  Silicate  OP  Yttria. — GadoUnite,  or  Ttterite. — Amorphous;  sp©- 
ific  gravity  4'0  to  435.     Harder  tliau  fclsjiar.     Black,  pajwiug  into  a 
enitili  or  lir<jwni$h  colour;    translucent  at  the  edges;   greyish  green 
in  a  *tat<.'  of  ])<)wJer. 

0.  Trlsilifolf — ;?Y0,  SiO^ — Splintery    OaduUiiiU. —  Of  a    splintery 
ctnro.     When  heated,  it  soinctiuics,  though  randy,  emits  a  faint  light; 

lie  principal  varieties  evolve  a  small  portion  of  water,  and  swell  up  to  a 
luliiiowcr-Iikc  mass.  In  borax  it  di-ssolvcs  readily;  hut  in  microcosiiiio 
with  great  difficulty  and  not  completely:  the  glass  has  a  green  colour, 
ising  from  the  presence  of  protoxide  of  iron.  With  a  small  (]uantity 
'  carbonate  of  soda,  it  forms  a  fused  globule;  but  with   a  larger  propor- 

1,  a  reddish  brown,  semi-vitrofied  slag.     The  godolinite  of  Kararfvot, 
lien  heated,  yields  but  a  small  quantity  of  water;  becomes  white  without 
Telling  up.  and  fuses  to  a  grey  or  reddish-coloured,  turbid  glass;  it  dis- 
solves readily  in  borax,  forming  a  gloss  which  is  Jjlightly  coloured  by  iron, 

nd,  when  saturated  with  gadolinite,  appears  turbid  and  crystallizes  on 
nling  to  a  grey  mass.  Microcosmic  salt  dissolves  it,  with  .separation  of 
skeleton   of  silica,  forming  a  nearly  colourless  glass,  which  becomes , 

I)ale^cent  as  it  cools  :  the  mineral  fuses  with  difDculty  in  carlionate  off 
la,  forming  a  greyish  red  slag.  (Berzelius.) — Sjdintery  gadolinite  dis- 

olves  in  hydrochloric  acid  with  separation  of  gelatinous  silica,  but  not 

fter  ignition. 


At. 

CaO  

CeO  

UO 2 

YO    17 

GO    12 

F»0  5 

SiO« 12 

HO     


Splintery  Gadolinite. 


880 
6800 
152-4 
1760 
3720 


:f90 
46-31 
10-38 
1199 
25-33 


Scheerer. 

a. 

0-23 

6-33 
44-96 
1018 
1213 
25-59 


1468-4           100-00 

99-42 

Berzelius 

f 

i. 

c. 

d. 

c»o 

.••• 

, 

3-15 

CrO 

16-69 

16-90 

C<JO> 

3-40 

LnO 

Mir-o' 

1-30 

YO    

4500 

45-93 

47-30 

GO   

.... 

2-00 

FeO  

10-26 

11-31 

Fe^OJ 

800 

SiO« 

as-fio 

24-16 

2y-l8 

no   

000 

OGO 

5-20 

98'35 


98-93 


99  53 


a,  in  Gadolinite  from  Hitteron; — 6,  from  Finbo; — c,  from  Broddbo; — 
from    Knrarfvet; — The   calculation    is   made   from    a;   in   the   otiier 

talyscs,  the  oxide  of  luiitlmnum,  a  base  unknown  at  the  time  when  they 

vn  miu\e,  was  not  taken  into  account.     In  all  varieties  of  gadolinite,  a 

Brtion  of  the  yttria  is  replaced  by  several  other  bases. 
6.   Dlnilicate  of  Yttria. —  Vilreons  Gadolinite. — Of  conolioidal  fracture. 

^bon  gradually  heated,  it  omits  a  bright  phosphorescent  light  (I.,  107)  of 
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a  {rrwvbh  grrcD  colour;  at  tlio  Kami.-  time  it  increases  elicbtly  in  douitr,  [ 
nii<i  svr"    •:-   -  '  f'      I'-ropo  tho  blowpiite  ll  tuma  black  ai  tlio  cd^ 
liut  ik>'  iiaviuur  nith  Wntx,  inicrocoemic  eaJt,  ouUiosM 

of  aoiia,  mill  ii^'iironiiurK-  avid,  it  similar  to  that  of  «. 


At. 


ConeMM  Oailellnitf. 


KO 


gp= 

s 

H 

7 

ir 

... 

1620 
9600 
:!46-4 
5270 

8S5 
50-6S 

IW)    

aw  

Al«0> 

13-00 
27-SO 

Bcriio, 

otXneAj. 

c. 

t. 

0-19 

m 

018 

att 

1-30 

OM 

054 

oil 

7-90 

S  08 

5000 

45-S3 

14  44 

20» 

25  68 

as-*« 

oia 

028 

!S9S'4 


10000 


lOO-SS 


Wit 


B.  Fli;oride  ur  Silicidm  axd  Yttriijm. — Insoluble  in  pure 
but  dicsolred  by  water  contAiniiig  bydrodilorio  (Kid;  on  the  eraporaMa  | 
of  the  liquid,  it  AeparatM  again. 


SiucirM  A!(D  Glccinch. 

A.  StUCATB  OP  OLrriHA. — PhcnakiU. — Primary  form,  a  tronr 
rbombobedron,  Fig.  141;  ordinary  form,  Fig.  14.>,  with  tho  lateral  edgeal 
aud  lateral  solid  auglcd  replaced  by  secondary  faces;  r"  :  r*  =^  1  IS-"  25' 
(lie'  40'   Reirich;;    r'  :  »*  or  ;■*  =  60"  3^';    ;•  :  f  =   147"  42f     Cleav- 
sen  pnrHllel  to  the  faces  which  replace  the  lateral  edn^eji  (or  to   tb«  faoM 
of  the  «ix-8ideil   prism.)     The  mineral  is  harder  than  (^uortz,  but  sitficr 
than   topax;  has  the  fracture  of  quarti;    specific  uravity  =  2  9G9  (-l-O 
Bvirich.)     Transparent   and   colmirles*,  with   a  t'lassy  lustre,   and   often  i 
yellowish,     Infusible  before  ibo  b]rtw[iipc.    Diss<)lvc.3  in  borax,  for:iiinir  al 
clear  glass,  from  which,  when  *nturutcd,  opaque  flakes  are  separated  byl 
flaming;  in  microcosmio  eall.  it  dissolves  very  Hlowly  (leaving  at  the  same  I 
time  a  skeleton  of  cilica)  and  forms  a  bead  which,  if  saturated,  becomes! 
onamcl-Iikc  on  cooling.     With  carbonate  of  soda,  in  any  proportiona,  it] 
doea  not  give  a  clear  glass  but  only  a  white  enamel. 

Ignited   with   solution  of  cobalt,   it  assumes  a   dirty  bluish  colour.' 
(Nordeuskiold,  PiMjg.  31,  67.) 

Beirirli,  Rom. 

Fmnont.      Ibnen^birge. 

43-54        ....  15-08 

54-37       ...  65-45 

f  Al^O"   1 

0-09/  +  tr»ceU9-48 

(ofFeH}»J 


200 

so*         

PhmakiU. 
25-4           45-83 
310           54-97 

HartwaU. 
Pnro. 
44-47 
55-14 

Magnesia  and) 
Sc-sqaioxide  > 
or  Iron        j 

traces 

2GO,SiO'    .  . 

5G-4 

100-00 

99-61 

100-00 


100-01 


B.  Fluoride  op  Silicicm  asb  GLi'cixrM. — The  aqueous  solution  ^ 
j'idds  on  evaporation  a  clear  syrupv  liquid,  which  finally  becomes  opaque 
and  white;  if  tho  salt  was  dissolveJ  in  an  excess  of  acid,  it  remains,  alter  j 
tho  volatilization  of  the  latter,  in  hard,  white  mn*sw,  resembling  porcelain.  : 
The  salt  has  a  rough  taj<te  without  any  degree  of  sweetness.  Whea 
heated  till  decomposition  commencc-s,  it  rwcUs  up  slightly.  It  diasolres  j 
readily  in  water.  (Berzeliua.) 


COLLYRITE,  STAUUOLITE. 
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C.  Silicate  ok  Glucina  and  Lime. — Levcophane  ia  a  compound 
this  double  salt  with  Oiiurido  of  eodium.  Cleavage  parallel  to 
_  he  faces  of  a  rhombic  {irisin;  specific  ^rnvity  =:  2074;  pale  green  or 
yellow,  with  a  glassy  Inatre.  Fuses  before  the  blowpipe  to  a  trans- 
pareot,  violet-coloured  bead,  which  becomes  opaque  by  flaming.  It 
diiMolves  easily  and  in  large  quantity  in  borax,  yielding  an  amethyst- 
coloured  glass, — in  microcogmic  salt,  with  evolution  of  gaseous  fluoride  of 
siliciura  and  separation  of  an  insoluble  skeleton  of  silica; — with  carbo- 
nate of  soda,  it  yields  a  turbid  bead  which  docs  not  sink  into  the  charcoal. 
(Erdniann,  JaAresberidU,  21,  2,168.) 


CaO 

MnO   . 
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Enlmanu. 
25-00 

101 
11-51 
47-82 

0-26 

7-59 

617 


319-0  100-00 

S(C«0,  SiO)  +  3G0. 2SiO'  +  NaP. 

SlLICIUM   AND   ALCMINrM. 


t  319-0         100-00      ....      gy-se 

A.  Silicate  op  Alumina. — a.  Di$ilicate  of  Alumina. — IJydratetl. — 
Collyrite.— Very  soft,  earthy,  and  unctuous  to  the  touch,  adhering 
etrongly  U)  the  tongue.  In  water  it  becomes  transparent,  and  crurablea 
to  piec<?8;  it  dissolves  in  acids,  and  the  solution  yields  a  jelly  on  evapora- 
tion.—19.  Opaline  AUnnhanf. — Specific  gravity,  1-985  to  2-013;  with 
ponr-lioidal  fracture  and  glassy  lustre;  colour,  greenish  white.  When 
heftte<l  it  evolves  water  with  i<light  decrepitation;  swells  up  before  the 
blowpipe  without  fusing;  with  microcosmic  salt  it  forms  a  tran.^parent 
bead.  It  disaolvei)  in  warm  dilute  hydrochloric  acid  with  separation  of 
gclatinouH  silicu.  (SchrOttcr.) 

Klaproth.    Brrthier.      Schrotter. 


roUyrile. 

a. 

b. 

e. 

102-8          45!)l     . 

..     45     .. 

..     44-5     .. 

..     46-30 

.110           13  85     . 

..     14     .. 

..     150     .. 

..     11-95 

90-0          40-21     . 

..     42     . 

..     40-5     . 

..     35-85 

,Mfi;  CuO.O-JS;  PO",} 
2-80 1  SO»,  0-6Si  total       I 


4-84 


«Al»0»,8iO»  +  lOAq 223-8 


100-00 


101 


100-0 


98-94 


from  Esqiierm; — e,  ia  Opaline 


a   is  Collyrite    from    Schemnitzj- 
Allopbanc  from  Steiennark. 

ft.  Tiio-lhirth  Silicatf  o/  Alumina. — This  is  probably  the  composition 
ai  Slaurnlitir,  excepting  that  about  one-tliird  of  the  alumina  is  replaced  by 
ido  of  iron.  This  minerul  belongs  to  the  right  prismatic  system  of 
ilixalion.  Fiff.  CI,  08,  without  tho  t-fooe,  and  /'ij/.  70;  p  :  u  = 
.^3°;  ii'  :  M  =  12a'  30';  »/  ;  (  =  115'  15';  u  ;  y  =  137-  37';  /'  :  y  = 
123  IC  riiavago  parallel  to  p,  u,  and  t.  (Hauy.)  The  crystals  fro- 
.|i;.i  ■l\  liis  :  rrt  oach  Other  in  the  shupo  of  a  crops  at  nngles  of  90"  or 
iO  .  .Sj.i.uic  gravity,  from  3-5  to  38.  Harder  than  quart*.  Tmns- 
it;  diu-k-reu  or  brown.     Whea  in  the  state  of  fino  powder,  it  fuitoa 
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before  tlio  blowpipe  to  a  black  glag  at  the  edges.  It  dissolves  slowly  in 
borax,  forming  a  clour,  dark -green  glass;  when  reduced  to  powder,  it  dis- 
solves with  dilBculty,  but  almost  entirely  in  microcosraic  salt,  yielding  s 
bead  which  is  transparent  and  greenish  yellow  while  hot,  but  becomei 
colourless  and  opaque  on  cooling.  With  carbonate  of  soda,  it  effervMCi't 
and  yields  a  yellow  slag.  (Berzelius.)  Hydrochloric  acid  docs  not  act  on 
Btaurolite;  sulphuric  acid  decomposes  it  partially,  either  before  or  aftM 
jgnitioD.  (Von  Kobell.) 
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Klaproth 
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a  is  reddish  brown — b,  blackish  brown  Staurolite,  from  Gotthard: — 
e  and  d  are  from  Brittany.  With  such  iundeqiiato  results  of  analysis,  the 
calculation  given  must  he  regarded  as  merely  hypothetical. 

c.  Monosilicale  of  Alumina. — a.  Anhydrous.     Al'O', SiO'. — The  fol 
lowing  minerals  appear  to  jjosse&s  this  composition.     1.  Andalusile  tm 
ChiiUtoUtc. — Right  rhombic  prisms,  with  angles  of  91°  35'  and  88°  27' 
cleavage  parallel  to  n,  m,  and  t.     Specific  gravity  of  Andalusite,  from  3 
to  3-2;  of  Chiastolitc   from  2-04  to  3-00.— Harder  than  quartz  (Chi 
tolite  is  softer  than  felspar.)      Infusible.     Dissolves  with  difficulty  in 
borax,  forming  a  clear  glass,  and  with  still  greater  difficulty  and  less 


perfectly   in   niicrocosmic   salt, 
cobalt,  it  assumes  a  blue  colour. 


Iguiled   in  powder  with   solution 
Insoluble  in  acids. 


BucUoU. 


Bunaen. 
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I 


At. 

AHdelmite. 
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a  ia  Andalusite  from  Herzogau; — b,  from  Lisens; — c  is  Chiastolit- 
froni  Lancaster.  The  calculation  gives  more  alumina  than  the  analysesj 
in  the  latter,  however,  lime,  ses(|uioxide  of  iron,  and  sequioxide 
manganese  are  found ;  and  part  of  the  silica  is  in  combination  with  thei. 

2.   Ci/anite. —  Crystalline  system,  the  doubly-oblique  prismatic;  Fi<fA 

121,  with  the  faces  !/■,  ji,  and  others;  y  :  u  —  108°  55';   y  :  v  —  04"  38'r 

u  :  i>  =  10(P  G'.     Cleavage  parallel  to  v;  less  distinct,  jiarallel  to  u;  an£ 

BtUl  less  (Jigtiiict,  parallel  to  y.  ^Uaixy.^  S^cific  gravity,  from  3-54  to  3-67i 


ALLOPHANE. 
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Oil  the  »-facea  harder,  on  the  u-faces  softer  than  felspar.  Transparent 
and  of  a  pearly  Instre  on  tlic  v  faces;  generally  blue.  Before  i\w  blow- 
pipe it  Joes  not  fuse  but  becomes  colourless;  it  dissolves  with  difficult  v,  but 
ui.'verthcless  cuinpletelv,  in  borax,  forming-  a  transparent  gla«s;  and  iilso  in 
ph<ihpijate  of  soda,  witli  the  exception  of  a  blistered,  translucent  skeleton 
of  gilit-a;  with  a  small  quantity  of  carbonate  of  soda,  it  fuses  imper- 
fectly to  a  rounded,  blistered,  translucent  mass,  which,  in  the  outer  blowr- 
pipc  (lame,  generally  assumes  a  rose  colour ;  when  strongly  ignited  with 
solution  of  cobalt,  it  becomeadark  blue.  (Berzelias.)  Acide  do  not  attack 
cyanite. 

Rosales.  Arfvcdson. 
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^    a  and  h  are  Cyanite  from  St.  Gotthard; — c,  from  Roroas; 
illcrthol ; — e  is  Fibrolite  from  the  East: — ■/,  Silltmanite. 
The  Ta/c-lithomarife  of  Rochlitz,  according  to  the  analyiia  of  Kcrstcns 
{SeJiw.  6G,  10),  is  likewise  composed  of  Al'C,  SiO\ 

/3.  llyiiraUd  MonotUUate  of  Alumina. — Soft,  amor]ihnu8  masses, 
which  give  up  water  when  heated,  but  do  not  fuse. —  1.  A/llotr!iine. — 
Specific  gravity  ^  2031;  translucent  at  the  edges.  In  water  it  decre- 
pitates and  falLj  to  pieces.  Dissolves  but  partially  in  hydrochloric  acid. 
[Kersten.  I 

2.  The  so-called  CoUgrUe  of  Weissenfela ;  unctuous  to  the  touch; 
Ibcring  strongly  to  the  lips;  opaque.  It  dissolves  in  hydrochloric  acid, 
bo  whole  of  the  silica  being  separated  in  the  gelatinous  form,   (Korsten.) 

3.  AUophanr. — Sfieeific  gravity,  1-7G  to  1-89; — fracture,  flatly  con- 
boidal,  p.i«sing  into  the  plane.  Adheres  to  the  tongue.  Transparent; 
lie  grceninh   blue  or  yellowish  white.     By  ignition  it  becomes  white, 

»<|ui',  ami  full  of  fiwurcs.     It  ilisiolves  perfectly  in  dilute  acids;  when 
Sgested  in  concentrated  acids,  it  leaves  a  siliceoDS  jelly. 
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a  u  tlie  eo-callcd  CoUvrito  from  Weisaenfels ; — b,  Allopbane  from 
Firmi,  Jricil  at  100'; — c,  Altuphane  from  Oersbacli ; — d,  Allo|>hane  from 
FrJcsJorf;  r,  AUojihanc  from  Firmi,  dricJ  in  the  air;  /.  AlluphajM 
from  GriifenlLal ; — <j,    Allophanc  from   Deuuvai^.     A*  the      '  v{ 

Firmi,  which  rutiiins  7  atoms  of  water  whcD  dried  in  the  air,  i  nw 

at  100' — these  2  atum^s  being  doubtless  attached  to  il  iiioitly  oa 
Lvgroscupic  water — it  may  bo  concluded  that  the  oilier  varieties  of 
ollojihaiie  after  being  exposctl  to  a  temperature  of  100^,  do  not  contain 
more  than    ')  atuni.s  of  water.      The    Hole  of  Simfir,  according  to  the 

Jysi*  of  Klaproth.  is  nearly  (Fe'0>,  Al'O')  SiO'  +  2Aq. 

J.  SftyuittlifaU  of  Aluiuiuti. — m.  Aiihi/drou*. — BufkoliiU  knd  A«l»- 
lite,  nnh^  these  luineraU  are  merely  fibrous  varieties  of  eyanitc.  Xeno- 
Ute  is  fibrous,  of  specific  gravity  y-58,  and  as  hard  as  qniirfi.  i  Xurdcn*- 
kioIJ,  l^ogs.  66,  G43.) 
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a  is  Bucbohite  from  Faltigl;— i,  from  Chester  on  the  Delaware; — 
c  is  Xenolite  from  Finland. 

Sefstrom  did  nut  succeed  in  fusing  a  mixture  of  2  atoms  uf  alamin* 
with  3  atoms  of  silica  in  the  most  powerful  blust-furnace. 

(3.  Ui/drated. — 1.  The  Wortkiu  of  Hcs«  (l'og<j.  21,  73)  appears  lo 
be :  2A1'0',  3SiO-+ Aq.;  but  there  is  a  deficiency  of  silica. — 2.  Phola-itt, 
Sod;  adheres  to  the  tongue;  produces  a  doughy  mass  with  water;  of  » 
pearly  lustre;  white;  insoluble  in  nitric  acid.  (Guillomin.) 


8AI*0». 
JS'JO'  . 

4no  .. 


102-B 
93-0 
36-0 


41-35 
40  12 
lJ-53 


Ouilli'iiiin. 

4:i-»9 

<0  75 
l.V."»l 


2AI*0».3SiO'-f4Aq 231-8 


100-00 


lUUtlO 


CUT. 


415 


«.  Ili$ilicat€  of  Alumina. — a.  Anhydrous. — Pure  burnt  clay. 

ft  llydraUd. — Clay. — Nearly  all  pure  clay  consisu  of  Al'O',  2 

i+  2Aq.  In  nature,  however,  it  is  generally  found  mixed  with  earliouat 
of  lime,  magnesia,  and  protoxide  of  iron,  from  which  it  acquires  the 
property  of  effervescing  with  acids;  also  with  hydrutod  sesqiiioxide  of 
iron  and  hydratcd  sesqiiioxide  of  manganese,  finely  divided  <jiiartx,  fel- 
itpar,  alhite,  mica,  spndumeni!,  organic  matter,  &c.,  all  of  which  modify 
its  properties  and  applications  to  a  considerable  extent.  The  prosi-nce 
of  iK>ta5>h,  lime,  scaqiiinxide  of  iron,  ic,  renders  it  more  funible.  Fiom 
the  coarser  impurities  it  may  bo  se]>arated  by  eleutriation. 
Clay  is  produced  by  the  decomposition  of  felspar,  albite,  and   similar 

compounds,  from  which  the  silicate  of  j)otiisb  is  dissolved  out  by  water. 

I'ure  clay  is  soft,  more  or  less  unctuous  to  the  touch,  white  and  opaque, 
land  einiti  a  characteristic  odour  when  breathed  uj)on.  Bouis  {J.  Pluirm. 
1 13,  282)  attributes  thii<  odour  to  the  ammonia  contained  in  the  clay,  in  so 

■far  a<  the  ammonia  may  serve  as  the  vehicle  of  the  odour.  Accordingly, 
[tlay  emits  a  stronger  smell  when  treated  with  solution  of  caustic  potAsn, 
[by  which  the  ammonia  is  expelled;  but  after  the  umiuonia  is  all  driven 
loff,  the  odour  ceases  entirely.  Clay  is  converted  by  water  into  a  doughy 
^ina»8,  of  various  degrees  of  tenacity,  but  loses  this  quality  on  drying. 

When   rapidly  heated,  it  cracks   iu  every   direction;  but   when    slowly 

Lcalo<l,  it  parts  with  its  water  at  a  temperature  below  rednej^s,  and  at  the 
'Sanic  time  decreases  in  bulk;  if  heated  to  redness,  it  still  continues 
[porous,  and  may  be  satuniled  with  water,  but  it  no  longer  falls  to  pieced 

when  put  into  water.     Tlio  stronger  the  heat  to  which  it  is  exposed,  llio 

mure  dense,  sonorous,  and  hard  does  the  cla}'  become.  At  a  very  high 
t  temperature  the  pores  contract,  but  the  specific  gravity  of  the  clay,  taken 
[in  a  tlatc  of  powder,  increases  only  up  to  a  dull  red  heal;  at  a  higher 
I  temperature,  it  again  diminishes.  Kaolin  dried  at  100°  hiui  a  specific 
[gravity  of  247;  after  drying  at  150°  (302"  F.),  of  2-53;  at  SdO"  (572-  F.^ 
Fof  S'tiO;  after  ignition  at  a  low  red  heat,  of  2-70;  at  a  strong  red 
I  heat,  2'C4;  at  incipient  whiteness,  2'50;  and  after  exposure  to  a  full 
[white  heut,  the  specific  gravity  falls  to  2'48.  (Laurent,  Ann.  Chim.  PItys. 
I  66,  fl6.)  Pure  clay  does  not  fuse  in  the  most  powerful  blafct- furnaces;  it 
llwcomes,  however,  soft  enough  to  be  bent  for  pipe-steuis.  Clay  dissolves 
I  with  difficulty  in  borax,  forming  a  transparent  glass;  with  phosphate  of 
I  soda  it  forms  a  gloiis  which  is  transparent  and  white  while  hot,  and 
I  becomes  opalescent  a<>  it  cools,  a  skeleton  of  silica  being  also  separated  ; 
I  with  carbonate  of  soda,  it  forma  a  green  glass,  if  iron  is  also  present; 
[ifnitud  with  solution  of  colmlt,  it  generally  assumes  a  blue  colour.  Clay 
tooos  not  dissolve  iu  dilute  hydrochloric  or  nitric  acid;  but  dilutc<l  oil  of 
I  vitriol  boiled  with  the  clay  till  the  acid  itself  begins  to  evaporate,  dis- 
I solves  out  the  alumina  together  with  a  small  quautity  of  silica,  and  sepa- 
InltM  the  greater  portion  of  the  silica,  iu  the  more  soluble  condition  in  which 
I  it  diwolvcs  iu  a  boiling  solution  of  carbonate  of  8o<hi:  the  qiiartr-saml,  fcl- 
[•par,  &c.,  frequently  mixed  with  the  clay,  remain  behind.  (Korchhammcr.) 
I  I)v  boiling  clay  with  a  solution  of  potash,  a  double  silicate  of  alumina 
land  j)fiia*li  i^  formed,  which  is  dissolved  more  perfectly  in  proportion  to 
I  the  excess  of  potash  employed.  Clay  carefully  healed  till  the  «holo  of 
(the  wiitcr  is  cxpelle<l,  still  remains  soluble  in  sulphuric  acid  and  ]>' ' 
Iby  ignition,  however,  its  solubility  is  destroyed.  One  part  of  1. 
Ifused  with  3  parts  of  hydrate  of  potash,  yiehis  a  pJisty  mass:  and  with 
kroiu  5  to  10  parts,  a  very  fluid  ran«8.  From  this  mass,  water  dissolves 
bot  potash,  together  with  aliunin»  and  silica,  the  quantity  inoreosing  ui 
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iho   potajb    predominatra ;   tlio  Kaidne  eonsists  of  a   dou 

alnintn»  auil  poUvtii.     (^ne  part  uf  kaulin  bcntoJ  U>  rctlnvss  u  , .  .^    ■  f, 

dry  carboii»to  of  soda  does  nut  fuse,  and  yi<?ld8  starccly  anvtliinfr  bal  I«i*J 

sodit  when  treated  with  water.     After  ox}>o»uro  to  a  wliite  liwif,  ' 

the  eanuc  r«»sulta  an!  oblaiuod  aa  with  hydrate  of  potaali.   (  Bt- nj 


■ 

APO» 

SiC 

HO  

At. 
1 
2 
2 

.M   t 
020 
18-0 

39  12 
4719 
13-69 

1 

1 

•  ■4.**M 

1 

131-4       .... 
Foirhliainnier. 

100-00 

1 

AW .... 
SiO*    .... 
HO    ... 

a. 
37-71 
48- 17 
14-lS 

i. 
39-60 
46-68 
13-72 

c. 
38-34 
4«'l 
12-95 

//. 
8913 
46-62 
14-25 

38-21 
4  7 -26 
14  50 

35-81  H 
50-99  ^M 
13-20  ■ 

B       Sdnble 
'       Inaolubte 

100-00       1 

23-67 
47-87 

t 00-00 

3-24 
5-39 

10000 

4-10 
68-29 

10000 

4-27 
419 

100-00 

2-25 
2-48       : 

100-00  ^ 

1.V7S 
205-17 

1 

171-54       1 

Fon-hhammcr. 

L08-63 

172-29       1 
BertliieT. 

108-46 

101-73       318-92 
Bamtt. 

APO*  ....... 

SiC    

HO 

9- 

37-39 
49-30 

i.^-:ii 

A. 
40-87 
44-42 
14-71 

37 -'88 
47-66 
14-46 

*. 

41-25 
46-25 
12-50 

/.               m. 
40-13        4M4 
47-52         45-62 
12-35         13-24 

42-23 
43-9* 
13-87 

SoloMf    .... 
InMluble  ... 

10000 

1-31 
93-60 

100-00 

2-94 
19-61 

10000 
0-82 

100-00 
25-00 

100-00       100-00 

1-27           1-99 
4.33         1080 

100-00 

l-«l 
9-fifi 

^ 


194-91        122-55       100-82       12500       10560       11279        111-27 

The  specimens  of  clay  examined  by  Forchhamnier  were  dried  at  100* 
before  analysis,  and  then  heated  with  eulphuric  acid  to  obtain  the  re$ult«: 
Bertliier  treated  them  alternate^  with  a  boiling  solation  of  catutie 
potash  and  hydrochloric  acid.  The  insoluble  residue  remaining  ^(ter 
these  processes,  an<i  consisting  chiefly  of  quartz-sand  and  ft-lspar.  i« 
dc8i:;nat«d  by  ImoL;  the  forei/»Ti  snlwtancea  in  the  clay  which  pawol  over 
with  iho  solution,  by  Sol.  For  the  sake  of  clearness,  the  pnrc  clay  ia 
calculated  to  100  parts;  for  instance  iu  a,  the  171-54  parts  of  tho  clay 
oxperinientod  on  contain  100  parts  of  pure  clay,  S3'67  parts  of  solnbl 
and  47-87  fiarts  of  insoluble  foreign  matt<<r8, 

a.  i'o;rf/ain  <r/ay  of  Scdliti.     Sol.     Carbonate  of  lime  and  an  nndi 
termined  substance,  with  traces  uf  potash  and  soda  ;  IiifiA.  ijaartx-sand. 

b.  Porcelain  cliii/  from  Schneeb«rg.     Sol.  Carbonate  of  lime   with  a 
trace  of  soila, 

o.  Porcelain  chi;/  from  Halle.     Sol.  Potash,  carbonate  of  lime,  mag- 
nesia, 86<quioxido  of  manganese,  and  sesquioxido  of  iron. 

d.  Porcrltiiii   clay  from  Bomholm.     Sol.  Potash,  carbonate  of  lime, 
magncsi;!,  sci^qiiioxidc  of  manganese,  and  sesquioside  of  iron. 

e.  Earilii/  Lruzinite  from  Kail.     Sol.  The  scsquioxides  of  mangaacso 
and  iron,  with  tiuces  of  ]>otii£h  and  carlM)nate  of  linio. 

f.  J:'lutruife<i  Clay  from  Gro.'salnierodc.     Sol.  I'of.ish,  the  seeqnroxii 
of  manganese  and  iron,  and  a  trace  of  carbonate  of  lime. 
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g.  Porcelain  clay  from  Limogea.     Sol.  Soda,  magncsiti,  and  sosqui- 
(iiic  of  I 


Sol.  Magnesia;   Intol.  Felspar 


oxiilc  ot  manganese. 

h.  Another  Kpecimen    of  the  same. 
contAining  potash  and  magnesia. 

i.    White  clay  from  Siegen.     Tlie  soluble  part  consists  of  magnesia, 
k.   Watlted  Porcelain  clay  from  Turascou.     Insol.  Quartij  and  appa- 
rently, soda-spodumene. 

1.    Waslted  Porcelain  clay  from  Pamiera.     Sol,  Lime  and  magnesia, 
Intol.  Quartz  and  soda-spodumene. 

m  and  n.  BeH  Porcelain  clay  from  Broage  and  St.   Stephen's  in 
Cornwall.     Sol.  Magnesia ;  Insol.  Quartz  and  talc. 

[On  this  subject,  see  more  particularly  Forchhammor,  Pogg.  35,  331; 
Berthier,  Ann.  Chim.  Phyt.  62,  225;  also  /.  pr.  Clum.  10,  28.] 

The  Porcelain  clay  ofPatsau  dlilers  from  the  preceding  by  containing 
one  atom  more  of  water. 

Fuchs.  Forchharamer. 

Al'O*    51 -4  3601       ....        36-63      ....         35-97 

2SiO>   62-0  «-16       ....        44-51       ....         46-39 

3HO 27-0  19-23       ....         18-86       ....         17-64 


Al'0»,2SiO=  +  3Aq 140-4 


100-00 


CarboDste  of  lime  

Magn«tia,  wtquioxidei  of  iron  and  maoganeK.. 
Inaolabic  matter     


100-00       ....       10000 
0-90 


1-02 


'I- 


302 

3-73 


101-92 


106-75 


Many  hardened  variftlet  of  Lithomarye  (Sleinmark)  have  nearly  the 
same  Composition  as  clay: 

Klaprotli.  Zellner. 

a.  b. 

APO» 36-50  ....  36-2 

SiO«    45-25  ....  49-2 

HO     1400  ....  140 

Fi>»0" 2-75  ....  0-5 

KO trace. 


98-50 


99-9 


^V    a.  Lithomarge  from  Rocblitz;  b,  from  Bnobborgo  near  Landshut. 
r  Halloyte  or  Ualloynite  also  appears  from  its  composition  to  be  nothing 

'  more  than  ordinary  clay;  it  is  true  that  when  dried  in  the  air  it  contains 
a  larger  proportion  of  water,  which  amounts  to  nearly  4  atoms;  but  when 
dried  in  the  kiln,  it  is  found  to  contain  not  much  more  than  clay  itself. 
Halloyte  occurs  in  white,  soft,  emuoth  masses,  with  conohoidal,  waxy 
fracture,  adhering  to  the  tongue,  opaque,  or  translucent  at  the  edges  only, 
not  falling  to  pieces  when  put  into  water,  but  increasing  in  trunsluconcy. 
is  readily  decomposed  by  oil  of  vitriol. 

Berthier. 


AI»OJ 
SiO»    . 
HO 


a,  1. 
35-49 
47-/5 
16-76 


«,  2. 
33-4 
4.'l-6 
23-0 


b,  1. 
39-06 
44-94 
16-00 


b.  2. 
34-0 
39-5 
26-5 


lOOOO 


990       100-00       1000 


Vot..   lit. 


Boufiingault 

e,  1. 

c2 

39-4 

35 

44-9 

40 

15-- 

25 

lonn 

103 

2   F. 
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rf. 
A9V.^..^^        33  00 

mP  _ 40- 25 

HO    24-25 

MgO     025 


0975 


a.  Hallfijrtc  frora  Honssclm  near  Bavonne;  (1) 
in  the  open  air;  b,  from  Angleur  near  Liege;  (1 1 


99  15 


59-55 


'liivicti;      I 
irhicii  •     I 


intl 

_  I  ,ir:-J 

iu  tilt*  ttir.     Both   a  ami  b  wero  couii>lctely  dc^ 
vitriol,  with  ««i)Arution  of  golatinuUd  ailica. — c.i.....   — 
'Crrnnndn ;  (1)  Jriol  nt  lOO';   (2)  dried   in  the  open  air. 
contained   u  lnic«  of  chloride  oi   animoniuni; — a,    from    L  j^-^ 
coutuiuiug  a  traee  of  manganese; — c,  from  La  Vouth;— ;^  from  Thivicti; 

lioU   chicHy  consists  of  hvdmtod  bisilicatc  of  alnniin»,   in 

j>orlion  vf  liie  aiumiua  is  replaced  by  scsquiuxide  of  iron.      It  oontaiat, 

;cor>ling  to  llio  manner  in  wbieh  it  is  drie<l,  either  2  or  4  alora*  of 

nler;  at  least,  according  to  the  analysis  of  Wackenroder.  (A'a«<it.  Artk 

11,  4<t6.)     It  is  soft,  with  u  conchoidal  fracture,  and  of  a  brownish  yeOo* 

colour  inclining  to  blackish  brown ;  tranclucont  at  the  cdg«B,  or  in 

cs   perfectly  opaque; — adheres   strongly   to  the  tongiio ;  in 
•eparates  into  small  pieces  with  a  noisy  evolution  of  alr^bubble 
fuses  easily  to  a  yellow  or  groen  enamel. 

/.   Trrtitkatf  of  Alumina. — One  atom  of  alumina  hestted  with  3  alon 
of  silica  in  the  strongest  heat  of  the  blast  furnace,  yiolils  a  denoo,  ^i 

l-vifrifjcd  mass.  (I^efrtrom.)  The  litliomarj^c  of  tlio  Oir 
ists  of  about  :  Al'O^,  3SiO'  +  Aq. — Kazouinojftkin,  of  :  . 
3Aq. 

M  The  Salt- clay  (talttJion)  examined  by  Schaf  haiitl  ajipear?  tol 
tersilicatc  of  alumina  mixed  with  carbonate  of  magnesia  and  other  n 

ce«.     It  is    obtained   from  the   eo-callcd   Hiudgeiirr/e   occurring 
n  salt  formations.     The  Haselgebirge  may  be  separated  nKrcl 
call y  into  gmnular  rock-salt,  and  a  grey  moss  intersperseii  with  salt,  whio 
Iliiiid>uldt  has  named  salt-clav  (sal«thon).     Its  formula,  according  to 
following  analysis,  is  (Al'O*,  3SiO»)  +  MgO,  CO'.  " 

Salt-clay. 


A1«0» 

H'4 

ISO 

38iO« „... 

93-0 

45-5 

Mko „ 

aoo 

12a 

CO'    

22-0 

13-7 

Fe 

6-9 

Mi>„ 

0-3 

8    

2-2 

NoCt 

■•.*                                              *• 

1-1 

Bitumen 

.... 

24 

186-4 


99-9 


{Ann.  Pharm.  51,  2G1.)  T 

ff.  Qnaiirofilifate  of  Alumina. — a.  Anhyhon*. — Under  this  hcodl 
pTohably  bo  included    Thomson's  Nacrite  (occurring    in    brilliant,  f  „ 
green,  llcxible,  inelastic  scales,  of  specific  gravity  2  788),  and  Oi>bel^ 
eo-oaXld  Teriilicatc  of  Alumina.. 
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At.  Thomson.             Gob«l. 

APO«  1     ....      .IIM        29-3        ....  28-81       ....         27-03 

aO"    4     ....     124-0         70-7        ...  U1-J4       ....         72-y7 

FbO    ...  4-43 

HO     100 

1    ....    i;o4     1000      ~      '.»a--i     ~.     100-00  ' 

ff.  Hyilrated. — The  red  AgalmatoUte  examined  by  Klaproth  consists 
of  about,  Al'O',  4SiOHA.i.  (that  analyzed  by  Lychnoll  is  Al-0\  5SiO»; 
another  variety  is  composed  of  silicate  of  niaguctsia;  iiud  a.  second,  of 
donble  silicate  of  alumina  and  potash) — Klaproth'aCi»M)Zi<«  and  Borthior's 
Kaolin  of  Ellnbogen  consist  of  Al-O',  4SiOH3A(i. 

h.  OcUmilicute  of  Alumina. — Malthacite  analyzed  by  Moissncr  appears 
tobeAPO',  8SiO»+20Aq. 

Earlhaiivare. — Upon  the  property  which  clay  possesses  of  being  con- 
Tcrted  by  ignition  into  a  stony  mass  which  no  longer  falls  to  pieces  in  water, 
depends  its  employment  in  the  preparation  of  bricks  and  vessels  of  various 
kinile.  To  diminish  its  contraction  in  drying  and  burning,  it  is  generally 
mixed  with  a  considerable  fjuantity  of  quartz-sand,  or  with  powder  of 
burnt  clay-  The  smaller  the  amount  of  lime,  ]iota«Ii,  &c.  present  in  the 
clay,  the  higher  is  the  temperature  which  it  sustains  without  fusing,  and 
the  more  dense  and  solid  i.s  the  baked  moss  obtained.  But  since  it  always 
lis  porous,  it  is  generally  covered  with  a  glazo  consisting  of  an 
fusible  glass  usually  containing  oxide  of  lead.  For  stoneware  and 
jHjrieluin,  a  mixture  is  used  of  very  infusible  clay  and  fine  quartz-siuid, 
with  a  certain  portion  of  gypsum  or  felspar.  The  liuio  present  in  the 
former  or  the  potash  in  the  latter,  gives  rise,  at  a  high  teni]>erature,  to 
incipient  fusion  and  softening  of  the  m:iss,  by  which  means  its  porosity  is 

n  great  mca.sure  diminished.  [Ou  coloured  glazes  fur  porcelain  and 
da,  vid.  Wiichter,  Ann.  Fluiiin.  GO,  09.] 

B.  Silicate  op  Alumina  wrrn  Fluoride  ok  Silicium  or  Fluohide 
OP  Alu-minum. — Topaz. — Crystalline  system,  the  right  prismatic;  n'  :m^ 
124 '  20*.  Cleavage  distinct,  parallel  to  p ;  less  distinct,  pamllel  to  the 
o-fiice  of  a  rhombic  octohcdron.  Specific  gravity,  from  3-4  to  3'6.  Harder 
,u  quartz.  Transparent,  colourle.^,  or  with  a  slight  tint  only,  Topaz 
infusible  before  the  blowiiii>c,  but  at  a  very  high  temperature  becomes 
ered  with  small  blisters,  at  the  same  time  evolving  liydrofiuoric  acid 
probably  fluoride  of  siliciumj.  With  borax  it  fuses  slowly  lo  u  trans- 
int  glass;  with  phosphate  of  80<la  it  forms  a  t.keleton  of  silica,  nnd 
to  n  gloss  which  bocomc.'s  opalescent  on  cooling.  With  a  small 
quantity  of  carbonate  of  soda,  it  yields — though  with  difficulty — a  blis- 
tered opaque  slag;  with  a  larger  proportion,  it  swells  up  and  remains 
infusible.  When  ignited  with  solution  of  coball,  it  assumes  a  dirty  blue 
colour.     Hydrochloric  acid  does  not  decompose  it.  (Bcrzelius.) 

Berzdiua.  Klaproth. 

At.  Taiiat.  a.  b.  c.  d. 

KPa* 3       ....     154-2        67-41     ....       5745        58-38  ....  5774         5fl 

"iOJ    3      .„.       93-0        34-62     ...       31-24        3401  ....  3436        35 

I      n 2       ....      21-4           7-97    ....         775           7-79  ...       7-77          6 

I ,  I  i' ....                                 ....  ....                  tmro 

"  i       ....     268-6       100-00     ...       99'44       10018     ....     99-87        99^ 
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a.  uial  rf,  aro  nnalysM  of  Tupcix  from  the  Schneckcnstein;— &  frtm 

the  BnuiU;— <■,  rympuvsalite  from  Finl»o.     The  ainir  '     •  '' '-  ■•■'- 

followini?:  (3Al'0\2SiO')+SiF|  =  2(Al'(y,S10')-(-A 

I  '     ' '  ODc-tUird  of  the  alumina  would  be  combiueu  n  jiu  ojx-    ui.'kw 

/'^..MiV,  a  mineral  resembling  topai,  consists  prob«bljr  of  J(A1'0', 
SiO')  +  SiP  =  2Al'0\  3SiO'  + A1H)»,  SiF. 

Pymt/f.                      Berzeliai.  ICl>pra<li. 

SAr-0»   .- Ji4-2             51-4:       ....       5100       ..^  49-S 

4SfO'     -     124  0             41.10       ....       38-43       _..  «0 

2F-0 ai«             7U      .„        8-8*      „..  49 

Fe*0»    „„..                                      ....                    ....  10 

HO    .^ 1-0 

S9y-6  1 0000       Z       98-27       ~.       ifl 

C.  CoMi-orxiM  OP  Silicate  op  Alumwa  with  tho  Silioateb  of 
Por4Mi,  Soda,  LrrniA,  Bxjiyta,  Stroxtia,  Limb,  Magxesia,  Protoxidb 
OF  Ceitii'M,  Vttria,  Olucina,  Protoxide  op  Manganese,  axd  Prot- 

O.XIUti   OF    l80X. 

Silica  hcateJ  in  the  blast-furnace  with  alumina  and  baryta  orstrontii, 
fnscJ!  rea-iily  to  a  greenish-coloured  porcelain;  but  with  alumina  and  lime 
it  docs  not  fuse,  unless  the  silica  t:i  in  excess.  (Kirwau.)  A  mixture  of 
ei{iml  ]<art3  of  lime,  majurnesia,  alumina,  and  silica  fueea  to  a  gh»«. 
(Aihard.) — 4")no  part  of  powdered  spinell  yields  with  12  p.arts  of  silia 
a  very  hard,  globular,  ^rey  mass,  which  docs  not  a<lhere  to  the  platisBW 
crucidle,  and  is  not  att<iCKed  even  by  the  strongest  acids  till  tiftcr  fulioa 
with  oarbonate  of  potash.  ( Abich,  Poffff.  23,  307.) 

a.  From  7  M  10  atonu  of  a  ttronper  bate  witA  one  atom  oj  aiumma. 

a.  Penninf. — Occurs  iu  acute  rhombohedrons  and  short  six-sided 
prisms.  Harder  than  gypsum;  tlcxiblo  when  in  thin  laminie,  but 
elastic  Appears  blackish  green  by  reflected  light;  but,  by  transmit 
light,  emerald-green  in  the  direction  of  tho  axis,  and  brown  at  ri 
angles  to  it.  It  j-ields  water  when  heated.  Before  the  blowpipe 
swells  up  :ind  fu.ses  at  the  wlgcs  to  a  j-ellowish  white  enamel.  It  di 
»olv<^s  in  borax  and  micmcosmic  salt,  forming  a  transparent  glass  colon 
by  itv>tj;  iu  the  latter  a  skeleton  of  silica  is  also  eeparated.  With  car- 
bonate of  soda  it  yields  a  brownish  yellow  slog.  It  dissolves  in  hydro-, 
chloric  acid,  with  separation  of  silica  in  a  tloculcnt  state,  and  with  stiB 
greater  faciUly  iu  sulphuric  acid.  (Frbbel  k  Schwciier,  I'offy.  50,  523.)    | 

Scbwmer.  I 

At.  Pennine.  tiaatd  Ron.  1 

MgO....„ 25  ....  500-0            31-70  ....  ."13-04     to     32-34  ^ 

FeO  5  ....  176-0            1110  ....  11-30    —     11-36  j 

Al«0». 3  ....  15t-2               9-78  ....  9-32     —       9-69  I 

SO»  „ 19  ....  05S-0            33-38  ....  33-82    —    330;  J 

HO    21  ....  1890             11-98  ..„  11-50     —     12-&S  .1 

i      Z.      1577-2  100-00        Z        98-98    —    99-04      I 

1 0(if gOi  F«0),  1  Al-0»,  CSiO',  7 Aq.  =  S[(2MgO ;  FeO),  SiO']  +  Al'O*.  SiO"  +  7A  J 

ff,  RnjlM  S'lafi-tloiie,  according  to  Klaproth's  analyses,  conmsta  oJ 
7Mg<),  lAlO',  SSiO»,  lOAq.;  according  to  Svauberg,  of'lOMgO  i»i-">^ 
!»SiU',7Aii. 


PYROSKLERJTB,  UUMDOLDTILITE,  SAl'OMTE. 


421 


b.  Sir  atoms  of  a  itronger  base  with  one  atom  of  alumina. 

m.  Fornaclte. — A  crystalline  slag  obtained  in  rhombic  prisms  from  a 
3e-kiln  Lented  with  turf  or  peat;  specific  gravity  between  2'85  ond 
■11;  crumbles  to  pieces  between  the  fingers;  fuses  with  difficulty  at 
be  edges  ouly,  and  with  intumescence;  yields  a  jelly  with  liydrochlorio 
acid;  and  contains  23-7  per  cent,  of  lime,  H-S  of  magnesia,  1'2  of  prot- 
oxido  of  manganese,  4'0  of  protoxide  of  iron,  14'5  uf  alumina,  and  43"0 
of  silicic  acid.  (Rcinseh,  y.pc.  Chetn.  25,  110.)  Its  composition  is  nearly: 
6(CaO;  MgO;  MuO;  FeO,)  1  A1'0»,  5SiO». 

/3.    Steatite  from    .S'narum.  —  6MgO,l(Fe'0';  AW,)  3SiO',  CAq,  = 

(3MgO,  SiO')  +  Al=0',  SiO'  +  eAq. 


At. 

Hocljsfctter. 

Giroiranald 

MgO   

....      36      .. 

..      7200 

3716 

37-52       .. 

37-9 

Fe»0>  

I 

78-4 

4  OS 

4-48 

3-1 

A1»0»  

5      . 

2570 

13-27 

12-52      .. 

13-2 

SiO» 

....       18 

2580 

28-80 

32-03       ,. 

30-2 

HO 

....      36 

3240 

10-72 

1619       .. 

17-0 

1637-4 


lOOOO 


102-74 


101-4 


y.  Pi,ro»il(nle.—6(MgO;  FeO),  1  (Cr»0';  Al'0',)4SiOS  4Aq.=3(2MgO, 
SiO')  +  (Al'0\SiO°)  +  4Aq.  Has  two  planes  of  cleavage,  ono  more  and 
one  less  distinct,  and  at  right  angles  to  each  other;  specific  gravity  = 
2-74;  fracture  uneven  and  splintered;  softer  than  fluor-spar.  (Green.) 
Fdscs  with  difficulty  before  the  blowpipe  to  a  grey  glass;  with  borax  it 
yields  a  glass  coloured  green  by  chromium;  and  with  solution  of  cobalt, 
a  greyish  mass.  Pyrosklerite  in  the  state  of  fine  powder,  is  completely 
decomposed  by  concentrated  hydrochloric  acid,  silica  being  separated, 
thongh  not  in  the  gelatinous  state.  (Von  KobelL) 


At. 

Pj/roiiltrite. 

Von  Koboll. 

MgO 

...      79 

.       15800 

33-30 

31-C2 

FeO  

5       .. 

1760 

3-71 

3-52 

CiaO»    ... 

1       .. 

80-2 

1-69 

1-43 

AFO>    

...       13       .. 

C68-2 

14-08 

13-50 

SiO» 

...       56 

17360 

36-59 

37  03 

HO  

...       56       .. 

504-0 

10-63 

U-00 

4744-4 


lOO-OO 


98-10 


f.  Bumholdtilite,  Pure  Sarcolite. — Belongs  to  the  sqaaro  prismatio 
stem.  {Fif}.  33);  ■p  :  e  —  146°.  Sp.  gr.  from  2-91  to  31;  of  the  same 
egree  of  hardness  as  apatite.  Semi-transparent.  Fuses  readily  before 
be  blowpipe  with  slight  evolution  of  gas-bubbles,  and  forms  a  blistered, 
^nslucent  glaas.  It  is  easily  decomposed,  both  before  and  after  ignition, 
J  hydrochloric  acid,  with  separation  of  gelatinous  silica.  According  to  the 
Sialysis  of  Von  Kobcll,  it  approaches  in  composition  to  2NaO,  17CaO, 
IMgO.lFeO  (total  24),  -  4A1'0',  -  24SiO»  =  3(2CaO,  SiO')  +  Al'0>, 
iiO*. 

I.  Saponite. — Soft  and  soapy  when  fresh ;  hardens  or  crumbles  to 
Dwder  in  drying.  White;  unctuous  to  the  touch;  adheres  to  the  tongue. 
Voire*  water  wheu  heated.  Before  the  blowpipe  it  shows  traces  of  inci- 
pnl  ru*ion  and  blistering.  Dissolves  in  borax,  forming  a  turbid  gl.-iKo, 
HJ  al«o  in  niicrocosmic  salt,  with  separation  of  a  skeleton  of  silicv 
l^iuibcrg). 


Five  atom*  of  itronger  hate  with  one  atom  of  alumina. 

a.  R;pidoUU.—5{Ms.O;YcO),  1 A  I'-O',  3SiO',  4Aq.  Related  to  cliloritt: 
Fig.  132;  p.  r=  120;  r  :  >•'  =  128"  42';  r  :  ■i'  =  120";  cleavngo  parallel 
to  p.  Specific  gravity  =  2'C5.  Blackish  green.  Kxfoliatca  before  tbo 
blowpipe,  becomes  white,  ami  fuses  at  the  edges  to  a  wliito  enamel;  with 
honix  it  effervesces  ami  forms  a  glass  which  is  coloured  by  iron;  with 
microcosmic  salt  it  behaves  in  the  same  manner  03  uniojcial  mica.  It  is 
perfectly  decomposed  by  boiling  with  oil  of  vitriol.  (Von  Kobell.) 


MgO... 
MnO.. 
FeO  „ 
AKH 
SiO'  .. 
HO  ... 


At. 
14 

1 
9 

9 
12 


Kobell.     VuTcntrapp. 

Brtiel. 

Ripidolile. 

Achnulowik. 

zaiotkiL 

280-0        32-69     .. 

..     34-40     ....     33-97     ... 

32-56 

..       0-53     .... 

0-01 

35-2          4-11     . 

..       3-85     ...       4-37     ... 

5-97 

151-2         1801      . 

..     17-]  4     ....     16-97     ... 

16-97 

279-0        32-58     . 

..     31-U     ...     30-38     ... 

31-47 

1080         12-Cl      . 

..      12-20     ...     12-03     ... 

12-42 

8»fl-4       100-00 


90-26 


98-32 


99-40 


The  simplest  formula:  8MgO,  lAl'O',  3SiO'  +  4Aq.  =  2(3MgO,SiO») 
-f  Al'O',  SiO-  +  4A<j.,  gives  rather  too  much  magnesia. 

/3.  C'Jioji icrif e.—\0{CiiO;  MgO;  FeO),  2A1=0',  7SiO',  GAq.  =  5*'2MgO, 
Si0',  +  2(A1'0',  SiO')  +  eA(j.  Not  crystalline,  dense,  with  a  conchoidal 
fracture,  of  sjiecific  gravity  2-91,  and  nearly  ob  hard  as  calospAT. 
White  and  trsuii^luccut.  Chonicrito  fuses  with  tolerable  facility  to  a 
greyihh  white  glass,  evolving  bubblea  of  gas  at  the  same  time;  with  solu- 
tion of  cobalt  it  forms  a  Iduo  glass.  It  dissolves  slowly  in  borax, 
yielding  a  glass  slightly  coloured  by  iron.  It  is  easily  decomposed  by 
concentrated  hydrochloric  acid,  silica  being  separated,  but  not  in  the 
usual  gelatinous  state.  (Von  Kobell.) 


At. 

CflO 11 

MgO 28 

FeO  1 

A1'0>    8 

SiO' 28 

HO   24 


308-0 

m7*. 
12-85 

500-0 

23  35 

SS-9 

1-47 

411-2 

1M4 

8G8  0 

.10-19 

2160 

900 

KobcU. 

12-GO 

22-50 

1-40 
17-12 
35-69 

9-0O 


2398-4         100-00 


98-37 


d.    Four  atoms  of  stronger  base  vrilk  one  atom  of  alumina. 

t.   Tin's   includes   the  principal    varieties  of  Chhirite:  4(MgO;  FeO), 

1(A1'0^;  Fo^O^),  2SiO',  3Aq.=  4MgO,  SiO'  +  APO',SiO^  +  3Aq.  Cryslallino 

system,  the  rliunibolicdnii.    Cleavage  parallel  to  p,  in  slender  but  inelaotio 

I'umiuic;  spcciCc  gravity  from  2-7  to  2-85;    soft;  dark  green.     Nearly 

I      ''ueible  boforo  the  blowpipe.     Decomposed  by  boiling  oil  of  vitrioL 
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At. 

sO 3 

kO 

1 

I 

2 

3 

npowdl 
VHidue      J 


Kobell. 

Kobell. 

VuTPntn 

Chhrilt. 

ZiUrrllitU. 

Ratihi. 

SI.  Gtflilu 

60-0 

25-47     . 

...     24-89     .. 
...       0-47     .. 

..     14-09     . 
..       002     . 

...     1709 

35-2 

14-94     . 

.„     15-23     ., 

..     26-87     . 

...    98-79 

81-4 

21'81     . 

...     20-fi9     .. 

..     18-4  7     . 

...     18-50 

620 

26-32     . 

...     27-32     .. 

..     26-06    . 

...    25-37 

270 

U-46     , 

...     1200     .. 

..     10-45     . 
2-24 

...      8-96 

S35-6 

100-00     . 

...   100-00     .. 

..     99-40     , 

...     08-71 

1 


lu  tlio  chlorite  of  Rauri.s  and  in  that  (if  St.  Gotthard,  the  silica  amounts 

I  rather  more  than  2  atuiiis.     Chlorite  from  Plit«cii,  analyzed  by  Varreu- 

ipp,  is  3M>.'0.  l(Al-0^  Fc-0'),  3SiO',  3H0. 

B.  The  principal  varieties  of  Uniaxud  or  Mngnma-mka  hare  likewise  a 

similar  composition*— 4M0, 1AP0\  4SiO'  =  2(2MO,SiO')  +  AI'0',2SiO», 

"Jnder  the  symbol  MO  is  included  MgO,  togetner  ivith  KO  and  FeO;  a 

Drtion  of  the  alumina  is  replaced  by  Besquioxide  of  iron;  CaF  and  Afj. 

re  also  freouently  present  in  email  ([uantities.     This  mineral  belongs  to 

be  rhoniboliednvf  systeni,  and  occurs  in  short,  regular,  six-sided  prisms 

Tind  very  acute  rhbmboliedrous.     Fi(j.  135  and  1  j3;  cleavage  very  e.isy 

parallel  to  />;  splits  into  very  thin,  elastic  laminffi.     Si)ecific  gravity  from 

!'78  to  2-04;   iiardncss  between  that  of  gypsum  .and  caluspar.       Dark 

pen  and  brown  inclining  to  black,  with  a  pearly  inetnllio  luiitre  on  tlio 

"cloven   .^nrfaces;  translucent;  has  but   one  axis  of  polarization.     When 

heated,  it  evolves  a  sm.ill  quantity  of  water,  and  occasionally  hydrofluoric 

""  eid.     Fuses  with  tolerable  facility,  yielding  a  semi-opaque  glass.     It  is 

It  feebly  acted  un  by  hydrochloric  acid;  but  sulphuric  acid  decomposes 

it  completely. 


KO    

McO , 

At. 

4 

..     19.  .    .. 

"..      9 

2 

.       6 

.    82 

Uniaxial  Miea. 
198-8            8-41 
380-0           16-14 

816-8           13-40        ''.. 
156-8             6-67 
308-4           13-10 
993-0          42  19 

KobdU 

Miuk, 

8-58 

16-15 

!'.          9-36 

10-38 

12-83 

42-12 

1-07 

U.Rose, 

Miuk. 

5-61 

15-70 

-mG...: 

0-63 

'*»o  „ 

■IVO" 

tAW...- 

iBUV 

19-03 
12-67 
40-00 

^O    

T-0 

210 

TIO* 

1-63 

2353-8 


10000 


100-40 


97-3r 


\  SchaffbHatl  (Ann.  Pharm.  44,  325)  comparei  compositioni  of  the  variona 
_  one  witb  another,  by  takiug  all  the  bases  bs  one,  and  calrulalinR  them  »«  APCH, 
1  dMn  oomWning  them  with  the  acid  SiO".   The  following  micas  arc  thus  compared  i— 

APC 

TaU- 33-92 

LiiliinMi'-« 35-49 

Biniial  Miea    39  00 

MaRneoU  Mica    ...  43'92 

Chlorite  85-30 

Ripidolite    01-73 

Dm  tlii«  it  would  appear  that  the  composition  of  iho  micM  nngea  betwett  MO,28iO» 
ISMO.JSiO*.  H 


8iO» 

Formula. 

60-56 

Al'O*    2SiO> 

48-35 

2A1»0»    3SiO» 

45-03 

5APO»    68iO» 

41-91 

APO»      SO" 

31-.18 

5APO»    38iO« 

20-31 

2A1'0'      SiO" 

424 


Au 

KO 6 

UfO    -.  u 

WfiO'  ....... 

FeO    .„ 7 

F«»0« 

APO» 9 

SiO»    36 

HO 9 

T-O  . 


8IUCIUM. 

23«0 
480-0 

900 
18-31 

246-4 

*"• 

9-40 

462-6 

1116-0 

BIO 

.... 

17-64 

42-56 

309 

TooKoML 


S-7C 

I8-8C 

SOS 
4-50 
16-88 
41-00 
4-30 
tnoe 


I 

,„      26220      .., 

,.      100-00 

„..        9934 

VonKolidL 

At. 

Ummc 

KO..„ 

8 

S77-6      ., 

10-82 

10-93 

MgO  

37 

740-0      . 

21-20 

21-54 

CO    

... 

,. 

.... 

MnO  

>■*                                               *.< 

„ 

«... 

PfO -.... 

^ 

105-6      .. 

3-03 

vtxy 

2 

156-8      ... 

4-49 

7-50 

APO« 

10 

5140      » 

14-73 

16  16 

SO'    

48 

...       1488-0      ... 

42-64 

40-00 

MO 

12 

108-0      .. 

309 

300 

r-o 

,, 

... 

0-53 

T10»  „ 

- 

■ 

0-20 

1 

..      3490-0      ,-       100-00 

99  76 

Sranberr. 

At. 

S*l4. 

^^J  ••••»»i»»»»» 

4 

188-8      ... 

5-61 

6-03 

MgO  

44 

880-0      .. 

26-17 

2597 

C40    

..*                                              ••• 

„ 

014 

MnO  

.-•                                              •■- 

, 

106 

FeO    

... 

, 

•  •» 

FeHy 

3 

235-2      ... 

6-99 

711 

APO» 

9 

462-6      .., 

13-/6 

12-86 

SiO» 

48 

...       1488-0      .„ 

44-26 

4246 

HO 

la 

1080       .. 

3-21 

317 

P-O 

.. 

0-35 

3362-6 


100-00 


9915 


Arii/ieial  ITini.— Found  in  a  peculiar  elnc;  conUining  small  qtuuititle* 
of  potash  and  lime,  witli  a  large  proportion  of  niagnci'ia.    Six-eidcd  tablet, 
ifnlj  fuaiblc.  (Mit&cbcrlicb,  Atni.  Chim.  Phys.  34,  3o5.) 

y.  Orthitt. — *(CaO;  MgO;  CeO;  LaO;  VO;  MnO;  FcO).  l(Fe»0»;j 
Al'O'),  4SiO',  with  very  variable  proportions  of  water  =  4(CaO;  &c.),i 
2SiO« -f  (Fe»0';  A1H5'),  2SiO'  +  TAa.  Specific  gravity,  from  3-28  to3-a4^ 
tut  hard  m  qnarts,  with  a  concboidal  fracture.  Blackish  grey,  or  in  somt 
CMM  jet-black;  opaque.  Viebls  water  when  heated,  and  emits  a  fointl 
phosphorc«rent  light.  Before  the  blowpij*,  it  swells  up,  fuses,  and  boils,] 
forming  a  blackish  blistered  glass.  With  borax  or  niicroco&niic  salt  itj 
yields  a  glass  coloured  by  iron.     Fuses  pi.'rfectly  with  a  small  quantityl 

fcnrbonnte  of  stMla,  but  with  a  l.irger  proportion  it  swells  up  and  formsl 
slag.      H^-drochloric  acid  dissolves  it,  if  not  previously  ignitcl,  and! 

onrcrte  il  into  a  gelatinous  laafs. 
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Berzeliuj. 

Berlin. 

Tb.  Sclicorer.            ^M 

nnlo. 

GotUirbv^iig. 

Yllcrliv. 

riUcfjclJ.                 ^1 

Kn,N«o  .... 

0-61 

^H 

CO  

4-87 

7-84 

5-48 

_^^M 

MgO   

0-61 

0-86            ^^H 

CeO. 

UO    

17-39 

19-44 

4'98> 

^^1 

YO  

3-80 

3-44 

29-81 

1-91           ^^H 

MnO   

1-36 

3-40 

^^^H 

FeO 

1142 

12-44 

906 

14-90            ^^^H 

Ai:0>  

1400 

14-80 

8-18 

MOR       ^^^m 

SiCH    

36-25 

3200 

36-24 

^^^1 

HO 

8-70 

536 

4-59 

0-52               ^^H 

9779 


98-72 


99-56 


100-08 


In  the  third  analysis,  tlie  protoxides  of  manganese  and  iron  wero 
probably  reckoned  wholly,  and  in  the  fourth  partly,  as  sesquioxides. 

e.    TTiree  alomt  of  stronger  lose  with  one  atom  of  alumina. 

a.  Gthleiiite. — Rectangular  four-eided  prisma.  Cleavage  parallel  to  p. 
Specific  gravity  from  2-!)  to  3-0.  Harder  than  apatite.  Very  difficult  to 
fuse  before  the  blowpipe;  difficultly  soluble  in  borax  or  microcosmic  salt. 
Gehlcuite,  both  before  and  after  ignition,  is  completely  decomposed  by 
hydrochloric  acid,  with  separation  of  gelatinous  silica. 


At. 

C«0 24 

MgO   3 

FeO 

FeSO*  1 

A1'0»  8 

SiO»     _  18 

HO 


GtkitnUf. 
6720        37-76 
60-0  3-37 


78-4 
411-2 
5580 


4-41 

2311 
31-35 


KobeU. 

Puchg. 

KUhn. 

37-4     ... 

.     35-30     .. 

..     36-97 

3-4     .. 

..      2-99 

4-4     .. 

6-56     .. 

..      7-30 

21-4    ... 

.     24-80     .. 

.     17-79 

31-0     ... 

.     29-64     .. 

.    30-47 

20     .. 

3-30     .. 

3'62 
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1779-6      10000 


99-6 


99-60 


9914 


mn 


Hence  the  formula  for  Gehlcuite  should  be:  3(CaO;  MgO),  l(Fe'0' 
APO'),2SiO'.  Kiihn  gives  the  formula:  4(2CaO,  SiO=)  +  (2AW,SiO») 
+  2H0.  But  if  the  iron  which  it  contains  were  in  the  state  of  ferrous 
or  ferroso-fcrric  oxide,  this  fonnuhv  would  not  be  correct.  If  the  water 
be  really  an  essential  constituent,  it  amounts  to  half  an  atom  for  every  2 
atoms  of  silica. 

^.  Eitelcut. — The  annexed  formula  is  but  remotely  approximative, 
d  therefore  doubtful:  300,  lAPO'.  2810"  =  3GO,SfO'  +  APO»,SiO». 
Crystalline  system,  the  oblique  prismatic.  Fig.  86,  with  nnmerons  other 
faces,  i  :  angle  between  u  and  «  =  1.30'^  8';  i  :  «  =  126"  HV;  u'  :  u  = 
65'  42';  u  -.1  =  122'  HV;  a  :  t  =  126^  51';  cleavage  very  easy,  parallel 
to  t;  less  ca«y,  parallel  to  m.  (Hauy.)  Specific  gravity  =  3-06;  harder 
than  topaz.  Swells  up  before  the  blowpipe,  forming  a  cnuliflower-liko 
moss,  and  fuses  at  the  extreme  edges  to  a  white  enamel.  Dissolves 
Tory  slowly  in  borax,  with  gome  degree  of  efTervesccncc,  forming  a  tnins- 
pnrent  glii^s.  With  itiicrocosniic  salt  it  yields  nn  incoluble  skeleton  of 
iiilica,  and  a  transparent  glass  which  becomes  opalescent  on  cooling.  With 
a  small  i|iinntity  of  carbonate  of  soda,  it  gives  a  turbid  glass;  and  with  a 
larger  proportion,  a  transpareut  glass.     It  is  not  acted  on  by  acids. 
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AFO» 

SiO' 

SnO' 


Bmthtt. 
S»-l  2S-IS 


62-0 


33  93 
■10  y2 


Btrse-lliu. 


I  '■■:> 
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nvi 


lOO-OO 


•J8'4tS 


y.  Veminan,  /Jowa*?.— 3(CoO;  MgO;  MnO;  FeO),  l(Fe'0';  AIK)^. 
8SiO'  =  3CftO,  2SiO'  +  A1*0*,  SiO'.  Belongs  to  the  sqonrc 
«yst«m.  Fiff.  28,  31,  30.  and  other  forms,  p  :  e  =  142°  54'. 
imiK-rfoct,  ]iaralli'l  to  ;>  an  J  'j.  (Hauy.)  Specific  gravity  =  3'3l  t«  o  10, 
lianlor  than  foUjKir.  Tmjupareut,  yellowUU  green,  &c.  Swells  up  nod 
fiisc3  readily  before  tlio  blowpipe,  formiuir  a  yellowish  erreen  or  bmwnisli 
glaM.  DiMtolvM  easily  ia  burox  and  niicrocoemio  »It,  fomiing  a  glass 
coloured  by  iron;  the  gloM  formod  irith  uiicrocoemic  salt  likowiae  cODtain* 
a  skeleton  of  silica,  and  becomes  opalescent  on  cooling.  With  a  ftnrvl) 
quantity  of  rarbonate  of  soda  it  fiiso^,  though  with  difficulty,  ni. 
kIass  ;  with  a  larger  quantity,  it  forms  a  slag-liko  nia^e.  (!' 
V'l'siivian  from  Egg,  wuich  hu  •  specific  gravity  of  3-45,  yioldn,  all 
fusion  in  a  crucible,  a  glass  whose  density  is  only  from  2°04  4  to  2*1 
und  that  from  the  banks  of  the  Wilui  in  Siberia,  a  glass  which  re 
the  unfu^ed  mineml  iu  colour  and  trnnelucency,  but  is  softer.  (Mi_ 
Vesuvian  before  fusion  i»  but  partially  decomposed  by  hydrochloric  acid 
but  after  fusion  that  acid  decomposes  it  completely,  separating  golatinoo 
silica.  (Von  KobuU;  sM  also  I.,  102.) 
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MgO   ... 

MnO    

IVd       

frO' 2 

AWV 16 

SiC    64 


13720 
1000 


156-8 
H:'2-4 

ic;4'0 


33-26 
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3-80 
19-93 
40-58 


33-85 
2-70 
0-75 

4-30 
18-10 
30-25 


33-71 
310 
010 

6-25 
18-50 
37-50 


1 


4125-2 


lOOOO 


U8-95 


09-10 


1811 
37-18 


9801 


Most  of  the  analyses  of  vesnvi.in  do  not  yield  resulU  exactly  cor 
Bponding  to  tho  formula;  for  if  the  whole  of  the  iron  is  reckoned  as  sesqut* 
oxido,  tuoy  give  too  largo   a  proportion  of  strong  base  or  too  small  %^ 
q\inutity  of  fi^ilica.     Somo  varictica  of  vesuvian  contain  soda;  others,  moraj 
or  loss  phosphoric  acid, 

ArllJieM  Vesuvian  was  foand  by  Derthier  {Ann.  Chin.  Pkj/t.  88, 172j 
iu  tho  slag  of  an  iron-smelting  furnace  fed  with  coke. 

5.  Gnniei. — Has  the  same  composition  as  vesuTian,  and   ia   diinor*1 
phous  with   it. — Belongs  to  tho  regular  system  of  crystallisation;  niog^ 
frequently  occurring  in  rhomboidal  dodecahedrons,  and  iu  octohcdronri 
like  tlioso  of  loucito  {Fiff.  3  and  11);  cleaviige  imperfect,  parallel  to  rf,' 
Spocitlf  gravity  from  3-4  to  4-3;  somewhat  harder  than  qnarfz;  tranma-J 
rent,  and  of  various  colours.     Before  tho  blowpipe  garnet  fuses  rcadilyj 
and  IniiHiuillv,  fonning  a  transparent  glass;  with  fluxes  it  behavps  like] 
vcituviiui.      'the  pla.ifl  obtained   by  fusing  garnet   has  a   lower  specific' 
jravitv  than   tho  niinenil  itself.       The  specific  gravity  of  garnet   from 
ccnland  dimiuishes  on  fusion  from   3'9  to  3'02;  that   of  the  garnet 


GARNET,  ALLANITB,  nEUYL. 
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Jrotmtar)  from  Uie  Wilai,  from  3'63  to  205;  the  latter  glass  corresponds 
tith  the  fased  Tcsuvian  of  the  Wilui,  both  in  its  physical  and  chemical 
iarnctcrs.  (See  I.,  100.) 

Oaniet  in  its  native  state  is  not  acted  ou  by  hydrochloric  acid,  or  but 
partially  when  it  cuntaius  a  largo  proportion  of  lime;  but  after  fusion  it 
18  completely  decomposed,  with  separation  of  gelatinous  silica;  with  gar- 
net«  wnich  contain  a  largo  i^uantity  of  lime,  a  rod  heat  is  sufficient  for 
thia  purpose.  (Kobell.) 

All  garnets  may  be  considered — particularly  with  reference  to  tho 
oxxKjriments  of  Trollo  Waohtmeistcr — as  mixtures  in  variable  proportion* 
of  tho  following  varieties: 


I 


1.  SCbO,  APO«,  3SiO'; 
8.  3MnO.  Al'O",  3SiO-^ 
5.  3CaO,  Fe-"0>,  3SiO-'i 
».  SMnO,  Fe=(>'.3SiO=i 


2.  SMkO.  Al-O,  3SiO'; 
4.  3FeO,  Al-O'.  3Si05; 
6.  3MgO.  Fe^CV,  3SiO»; 
8.  3FeO,  Fe«0»,3SiO'. 


The  compound  1  {oilcareotis  nlumina-garnd)  prednminntes  in  Cinna- 
mon-$tone  {Gmssidixr)  and  in  tho  white  garnet  of  Tellemarken;  tho  com- 
pouod  2  {vmgnesio-alaminn-garnet)  iu  tho  black  garnet  of  Arcndal;  tho 
compound  3  {ma)ii/ani-tio-aluminit-</aniet)  in  a  variety  of  garm-t  from 
North  America,  examined  by  Soybert,  and  in  tho  garnet  of  Droddbo;  the 
compound  4  {/crruffiiioiis  alamina-gamef)  in  the  oriental  Almaridine  and 
other  red  varieties  of  precious  garnet;  tho  compound  .j  {calcareout  iron 
garnet)  in  tho  ordinary  yellow,  brown,  and  black  garnet,  and  also  iu 
Melitnite;  tho  compounds  6,  7,  and  8  are  not  found  to  predominuto  in 

Eiy  of  the  varieties  of  garnet.  Pyropt,  which  is  priucip.illy  comiiosed  of 
e  compounds  1,  2,  and  5,  is  characterized  by  containing  chromium,  which, 
tho  form  of  scsquioxide,  probably  replaces  a  portion  of  the  alumina. 
>.  AUanite,  Ctrin* 3(CaO;  CoO;  FeO),  l(Fe»0';  AlK)'),  3SiO'  = 
CaO;CeO;KeO),2SiO»+(FeO';AlW),SiO«.  Specific  gravity  from 
4  to  3'H;  harder  than  apatite;  fracture  conchoidal.  Jet-black  and 
uiiaquu.  Fuses  to  a  black  glass,  with  slight  evolution  of  gas  bubbk<s. 
Most  varieties  aro  ilecomjMJsed  by  hydrochloric  acid,  with  formation  of* 
jelly.  Tho  ullauito  of  Snarum,  however,  is  but  very  imperfectly  decom- 
p03e4l;  and  that  from  tho  mines  of  Bastniis  resists  the  action  of  tho  acid 
.1; "-ether. — Tho  following  calculation  is  founded  on  Stromoyer's  analysis. 
licr'.iiann  regards  tho  mineral  from  Miask,  which  ho  analysed,  as  ortjiito, 
although  its  composition  corresponds  rather  to  that  of  allanite: 


At. 

.,  6 

eO ..',*  7 

UO 

MnO  .... 

PeO 5 

Fe»0»  ....  I 

?0»„..  6 

,.  18 
!0       . 


AllanUt, 


ICS'O 
3780 


ire-o 

784 
2570 
5580 


10-40 


2340 


10-89 

4-85 

16-91 

34-35 


Stromeyer. 

Iglonoit. 

..     1108  . 

;!     21-60  '. 

„      0-40  '. 

..     15-10  . 

."     15-23  . 

..     33-02  . 

3-00  . 


Hcnuann. 
Mluk. 

9-25  ... 

206  ... 

17-39  ... 

2S7  ". 

13-03  ... 

1821  .. 

35-49  ... 

2-00  .. 


Th.  Soheerar. 


iotuifJcJd. 

12-02  ,. 

0-78  .. 

13-34  .. 

5-80  .. 

0-98  .. 

lJ-55  .. 

16-23  !! 

35-15  .. 

0-50  .. 


Saxruin. 
II -75 

O'se 

13-73 
7-50 

ISSl 

10-40 
34-00 


1 


1615-4       100-00 


99-43 


99-80 


100'35 


99  45 


Jirrj/l,  Emerald,  DavidsoniU 3G0, 1  Al'0',CSiO*  =  3(00,6iO'),+ 

I'jSSiO'. — Crystalllno  system,  tho  rhombohcdral  (B,  a,  I.,  16).   f^' 


42» 


siLiauir. 


13.'.,  13(5,  187,  HO.  ail  J  other  fonne):  j>  :r  {Fuj.  13C)  =  135';^:^ 
{Fi'i.  137)  =  150;  dwivage  cwy  yianvllel  lo  p,  less  ca-'v  ■— -n  !  |«  i 
f^pecitic  grarity  from  I'.'Vs  to  '2-'(9;  hanler  than  quartz,     l-  'Mo 

|ii|h;  it  fuses  with  difficalty,  and  at  the  edges  only,  to  a  imiwci  "iiitCTtd^ 
glass;  with  borax  or  carbonate  of  eoda  it  yields  a  transparent  gUa, 
vhich  becomes  turbid  on  coolings  with  inicrocosmic  »tlt  it  likewise  funs ji, 
u  iiliout  any  M-poration  of  silica,  a  clear  glass  which  becomes  torbid  a«  it 
M)ltj.  Not  decomposed  by  acids,  or  but  partially  by  gulpharic  acid  after 
rong  ignition.  When  exposed  lo  the  heat  of  a  blast-fumac«,  with  aa 
'^  equal  weight  of  white  uarble  in  a  charcoal  crucible,  it  ^'iclds.  aooorditi^  \<t 
Berthior,  a  tmneparent  glas*,  the  powder  of  which  is  perfectly  JceonipiiMd 
by  hydrochloric  or  sulphuric  acid,  with  separation  of  gehitinoiis  silica. 


VanqneUn.      Benelioa.  Th.S<d>eerer.  CGmcCa. 

At. 

Btryl 

BniU.               Biwldbo.            Modum.        Ua^cti. 

CO  ... 

....       0-25     ....                     „..        018 

GO    ... 

.    3     ... 

381 

1383 

....     1250     ....       1313     ....     12-56    „    IJ-Jl 

Cr»0».., 

. ..       0-30  T«0>     0-T2 

FcW 

1-00    ....        0-72     .._       0-53 

APO».. 

.    1     ... 

511 

18-66 

....     15T5     ....       17-60     ....     1964     ....     KQ 

SiO«  ... 

.    6    ... 

.     1800 

67-51 

....     6850     ...       68-35     ....     67-00    ....    iJ-H 

1    .„.    275-5       100-00 


98-30 


100-52 


99-91 


/.  Tvo  atomt  of  itronger  bate  with  one  atom  of  alumina, 

a.    PrcArn/*.  — 2CaO,— lAl'O'.— 3SiO',— lAq.  =  2(CaO,  SiO*)  ■ 
Al'O'.  SiO'+Aq. — Crystalline  system,  the  right  prismatic :  Fig.  61,  49 
70,  iind  others;  «';«'=  102"  40';  p  :  i  =  155'  23".      Clearagc  digtii 
parnllel  to  p;  less  distinct  parallel  to  u.  (Hauy.)   Specific  gravity  =  2'9l 
harder  than  felspar.     Translucent,  and  of  a  light  colour.      When  hc*tc 
it  loses  water  but  docs  not  become  opaone.     Fuses  before  the  blowpipe  t»"^ 
a  blistered  glass,  with  rapid  evolution  oi  gas  bubbles.     In  the  uative  et»te 
it  is  but  imperfectly  acted  on  by  acids;  but  after  strong  ignition  or  fiuioo, 
acids  decompose  it  completely,  forming  a  jelly.  (Von  Kohell.) 


At. 

C»0   2 

Mn'O'    .... 

Fe»0» 

APO» 1 

SiOJ   3 

HO    1 


560 


51-4 

930 

90 


Walnutedt. 

Dsmliuton.        £ileUtarf«. 

26-74     ....     26-43     ....     26-28 

....       OIS 

....       0-74    ....       8-61 

24-55     ....    24-26     ....     19-30 

44-41     ....     44-10     ....     43-03 

4-30     .   .       418     ....       4-43 


Renualt. 
It.  JXtituu. 
..     23-47 


209-4 


100-00 


99-71 


10000 


100-46 


p.  Many  varieties  of  Uniaxial  or  Magnesia-mica  come  nnder  this  he 
(rirf.  III.,  423).— 2M0,— APO\— 3SiO'  =  2(M0,  SiO=)  + Al'-O',  SiO\- 
WO   represents  MgO   with   KO,  CnO,  an<l  FeO;   a  portion  of  Al'O' 
replaced  by  Ke°0'.    Mica  contains  small  quantities  of  CaF  and  water,  ba 
it  has  not  been  aeccrtaiuod  whether  thcte  tubtlauccs  are  csscuiial  to  iti 
composition. 


TACHYLYTE,  EPIDOTB. 
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At. 

KO & 

CO    

MgO  13 

MnO  

FeO 6 

Fe^O*  1 

Al'0>  II 

SiO'. 36 

HO 9 
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Uniaxial  Mica, 
23C0         ....  926 


260-0 

211-2 

78-1 

SG5-4 

1116-0 

810 


10-20 

8-29 

3  08 

22-19 

43-80 

318 


Svinbcrp. 
Pu-jns. 
8-45 
0-26 
10-27 
0-75 

10-39 

SI -68 

42-58 

3-35 

1-06 


1      .. 

2548-0 

..       10000 

98-79 
BfUiherg. 

At. 

Bowiuliu. 

KO 

..      3 

141-6 

4-26 

4-05 

CO 

..      1 

280 

0-84 

0-90 

MgO  

..     18 

360-0 

10-82 

11-26 

MiiO  

■  • 

0-.14 

FeO 

..     10 

3i2-0 

10-58 

20-71 

Fe»0»  

..      5       .. 

392-0 

11-78 

A1«0»  

..     11 

565-4 

16-99 

16-85 

SiO». 

..    48 

1488-0 

44-73 

44-41 

HO 

1-13 

CF 

,. 

0-84 

3327-0 


100-00 


100-59 


y.    Tachylyte  or  Conchoidal  AtigUe. — Aniorphoas;    with   conchoidal 

fracture;  si>ecific  gravity  2-714.    Bluck.    Fusch  very  reaJily  to  an  opaque 

'nas.     Concentrated  hydrochloric  acid  decomposes  it  completely  in  tiio 

lid.     According  to  C.  Gnielin's  analysis  it  appears  to  consist  of  about 

(KO;  NaO;  CaO;  MgO;  MnO;  FoO),  l(Fo'0';  APO'),  4SiO'. 


■old. 


g.  3  atoms  of  stronger  lose  witli  2  alonit  of  alumina, 

a.  EpuioU.—3{CaO;  MgO;  MnO;  FeO),  2(Fe»0»;  Al'O'),  4SiO'  = 
3(CaO;  MgO;  MnO;  FeO),  2SiO'  +  2(Al'0',  SiO').— Belongs  to  the  mod- 
ined  oblique  prixmatic  (one  and  two-niembered)  system.  Primary  form, 
a  right  rnouiboidal  prism;  angles  of  the  lateral  edges  =:  114°  37' and 
63-  2i'.  (Hany.)  According  to  Brooke,  this  form,  which  is  found  ia 
pi»tacite,  is  divcrsitied  in  zoisito  which  occurs  in  oblique  rhombic  prisms, 
/'ii/.  87,  with  other  faces;  u'  :  m  =  116°  30',  &c.  Specific  gravity  from 
3-0  to  3-5;  harder  than  felspar. 

1.  Calcareoiu  EpidoU,  ZoiiUt. — Generally  consists  of  3CaO,  2A1'0', 
4SiO'.  Kuhn  gives  2(2CaO,  &c.,  SiO')  +  2(Al»OMiSiO')  + APO'.  SiO«. 
Slightly  coloured.  Swells  up  before  the  blowpij>e,  evolves  bubbles  of  gas, 
and  fuses  at  the  edges  to  a  transparent  glass.  Swells  up  with  borax,  and 
dissolves  in  it,  forming  a  clear  glass.  In  microcosmic  salt  it  likewise  swells 
and  dissolves  readily,  with  effervescenco  and  separation  of  a  skolotoo 
•illca.  With  a  very  small  quantity  of  carbonate  of  soda  it  fonns  a  pale 
n  gla^s;  with  a  larger  quantity,  it  swells  up  to  a  white  infusible 
mass.  With  solution  of  coli:ilt  it  iirodueos  a  blue  gloss.  (Derzeliu^.)  It  is 
partially  dceompnsud  by  hydrochloric  acid;  but  after  ignition  or  fusion, 
tliiit  acid  decoiiiposua  it  perfoclly,  with  formation  of  a  jolly. 


410 


SILICIVM. 


KO  &  N*0 

C»0 , 

MdO 

FkO  

AFC    
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At. 
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8    102-8    3307 

4    184-0    39-90 


0-89 
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GrfTken. 

OkO   16-B&  .. 

MnO 765  .. 

FeO 4-24  .. 

APO» 29-83  . 

SiO»   40-03  . 


MgO 
Fe'O' 


KOIui. 
ZvicmL 
22-90 
1  95 
4 '35 
S0G3 
4017 


lOO'SO 


10000 


S.  JVmi^tnoiM  EpidoU,  Pufflct^*.— «(2CaO.SiO')  +  3(Al*0'.  USiC  _ 
+  (Al'0',SiO').  (Kulin.) — In  this  mineral  a  larger  quantity  of  the  lime  i> 
j*[ilai-«<l  by  protoxide  of  iron,  and  a  large  proportion  of  tho  aluniinm  I" 
■Dfe'iuioxido  of  iron.     Transparent;  green.     Before  the  blowpipe  it  foics  i 
*the  edges,  and  subsequently  swells  up,  forming  a  dark  brown  mass,  wiiicbt' 
by  MEpoaure  to  a  more  powerful   blast,  Itecomos  black  and  aoBiewbit 
rounded,  (fierzeliutt.) 

DaiootOt.    Beudont.     VraqnallB.      BMm. 
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8.  Manrjanetian  Epidote. — In  this  mineral,  protoxide  of 
rrplares  the  greater  part  of  the  lime,  and  sesqnioxide  of  maagane 
Bi'M|iiioxide  of  iron  a  p>ortioD  of  the  alumina.    The  analyses  a^rreo  so^ 
toijcilier  that  a  correct  calculation  of  the  formula  is  inipoMible;  the  roiiuU 
obtained  by  Cordicr  correspond  to  about  28CaO,  9MuO; — iMu'O',  mF«^ 
DAPO';— 36SiO'. 


CO 

MgO 

MnO  . 
Mn'O*. 
P«)»  . 
APO»  . 
SiO*      . 


Conlier. 
14-5 


19-5 
15-0 
33S 


HoTtVkll. 

21-B5 
1-82 

14  08 

6-60 

17'C5 

.18-47 


915 


10027 


.  L  Jdejonite. — Crystalline  system,  the  .sriiinre  nrisiiiiitii-. 
the  ;»-face;  r  :  e  =  121"  45';  cleavage  ]■  ■ 
=  2-65.    Tranfparuiit  and  colourless,    !?■ 


n.!  '1^.  wid 
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Sipo,  anil  Aises  to  a  blistored,  coloured  g\nsa.  (Borzelius.)  It  is  porfoctly 
ocomposvd  by  hydroohloric  acid,  with  formation  of  a  jelly.  Una  apjm- 
rcntly  tlio  sauie  composition  us  zoisite,  oxcopt  that  a  email  portion  of  tlio 
lime  is  replaced  by  potash  and  soda. 


Stromeyer. 

L.  Gmeliiu 

At. 

Ycfuvtoj. 

VaaTiu. 

N.0,  KO  ... 
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CO 

.      3     .. 
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..     2703 

24-25 

22*1 

?r'0»    
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APO» 
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..     33-07 
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..    89-90 
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I     . 

..     310-8     . 

..   100-00 

99-50 
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y.  Weitsite,  or  Scaly  Trilclasite. — Appears,  according  to  tho  analyees 
of  Trollo  Wncbtraeislor,  to  consist  of  3(K0;  NaO;  MgO;  ZnO;  llnO; 
FeO).— 2  AI'O',— SSiO*. 

i.  Phacnlite. — RcAembles  cbabositc  in  its  orystallino  form;  before  the 
blovrpijio  it  behaves  like  other  zeolites.  According  to  Anderson's  analysis 
(iV.  Ed.  rhil.  J.  34,  23),  it  appears  to  contain  3CaO,  2Ar-0-',  8SiO'.  lOAq. 

h.  One  atom  of  ttronger  hut  tvUA  one  atom  of  alumina, 
a.  MO,  Al'O',  2SiO-  =  MO,  SiO'  + APOS  SiO'. 

The  symbol  MO  oomprchcnde  KO,  NaO,  CaO,  MgO,  &c. 

1.  Arlijicial  Potath-compound. — If  a  mixture  of  2  parts  of  alumina 
and  3  parts  of  siiii-a  is  fused  with  15  ports  or  mure  of  carbonate  of  ]>utash, 
Bud  the  mu.ss  when  cold  is  reduced  to  powder  and  exhausted  with  water, 
ft  compound  corrcspiiuding  to  tho  above  formula  remains  undissolved;  it 
ia  decomposed  by  hydrochloriu  acid.  (Bcrzelius.) 


KO  

*1-t 

29-39 
32-01 
38-60 

Bn-zcliui 
28-65 

Al'O* 

2SiO« 

61-4 
62-0 

32  04 
39-31 

160-0 

....       100-00 

.....       10000 

5.  Art^ieial  Soda-eompotind. — Obtained  in  tho  same  manner,  and 
preeiaely  similar  in  constitution.  (Borzelius.)     NaO,SiO'4-A1^0',SiO'. 

3.  EhuoliU;  Nepheliw. — Crystalline  system,  the  hexflgonal  (D.  a,  I.,  IC) 
(Fig.  135  and  137);  p  :  r  —  1j1'  53'.  Specific  gravity  from  25  to  2-0. 
Harder  than  apatite.  Transp.ircnt  and  colourless.  Before  the  blowpipe, 
it  fuses  to  a  colourless  blislercJ  glass;  dissolves  slowly  in  borax,  yielding 
a  colourless  glass;  slowly  also  in  microcosmic  salt,  with  separation  of  a 
•kclcton  of  silica,  forming  a  glass  which  becomes  opalescent  on  cooling. 
With  nolution  of  cobalt  it  turns  blue  at  tho  fused  edges.  (Borzelius.) 
Pn;;n)ents  of  tho  mineral  become  turbid  in  nitric  acid.  In  the  state  of 
P<)H<1(.T,  it  is  completely  decomposed  by  hydroclilorio  acid,  and  converted 
mlo  ii  -  '  '^     ;,s  mass. 

u  t   Dimple  formula  for  nophciiuo  would   be  :  (KO;  NaO), 

8iO'  -i-  nry,,  ,-■0';  or  more  fully,  (KO;  SiO')  4:  NaO,  SiO')  -f  .'i(AI'0\SiO--'). 

6.  The  following  formula  (resembling  that  given  by  Th.  Scheercr) 
ooriospouds,    however,    more    strictly    with    most    of    tho    analyses : 


4M  SILICIUM. 

(KO,  2SiO')4-4(NaO,  Si0»)  +  5(A1»0',  SiO»).  According  to  this  fonnnli 

5  atoms  of  stronger    baee  and   5  atoms  of  alumina  arc   combined 
vith  10,  but  witb  II  atoma  of  i^iiicic  acid. 

CftlcuUtion  according  to  fonnolm  s.  According  to  fonaoU  k 

At.  At.                                             ^ 

KO.„ 1     ...       47-2     ....       6-39     ....  1     ._.       47-«     ....       6'IS      M 

N»0    4     ....     124-8     ....     16-89     ....  4     ....     124-8     ....     16-21      ^H 

At«0»  5    ....     251-0    ....     54-77     ....  5    ....     257-0     ....     3337      M 

SiO» 10     ..■■     310-0     ..„     41-95     ....  11     ....     341-0     ....     4429      H 

i     ,..,     7390     ....   10000    ....  1     ....     7700     ....  100-00 

Nephiline.  Blaeolile.                     ^M 

Th.  Scheerer.      Bromeis.  Tb.  Scheerer.                 J^H 

KaUesbuckeL        Vmniu.             Mink.  Uiuk.              Brrhg.        Fnilnlcraii^H 

KO   5-60     ....       4-52     ....       643     ....  5-69     ....       610     ...       545    ■ 

N«0 15-83     ....     15-91     ....     15-14     ....  1570    ....     15-67     ~.     1595      ™ 

CO 0  84     ....       201     ....       0-33     ....  0-26     ....       0-28     ._.       033 

MgO ....    tr«ce      ....       0-61     ....  trice      .... 

WO*    ....       1-07     ....       0-44     ....     trace      ....  057     ....       086     ....       0-4S 

Al=0>    ....    32-31     ....     34-06     ....     3406    ....  3312    ....    3214     ....     32-63 

SiO» 43-70     ....     44-04     ....     4242     ....  4407     ....     4459     ....     45-31 

HO  1-39     ....       0-21     ....       0-46     ....  090    ....       205     ....       060 

HCl ....       0-14     ....       0-04     ....  006     .... 

SO*  ....       005     ..  ....       007     .... ..^ 

100-74     ....  101-38     ....     99-49     ....  100-44    ....  10069     ....  10072 


4.  Weruerite, ScapolUe.—lCuO, I Al'O', 2SiO»  =CaO, SiO'  +  Al-0«, SiO". 
—Crystalline  system,  the  sqnare  prismatic.     Fig.  39  without  the  p-lko 
e  :  r  about  121°;  cleavage  {larallcl  to  q  and  r.     Specific  gravity  from  2 
to  2-8.     Softer  than  felspar.     Colourless  and  translucent.     Fuses  befo: 
the  blowpipe  and  swells  up  to  a  translucent  mass,  which  is  no  longer 
fusible.     Dissolves  in  borax  or  microcosmic  salt,  with   continued  effoi 
vesoenco,  forming  a  transparent  glass.    With  a  small  quantity  of  carbon; 
of  soda,  it  yields  a  clear  glass,  which,  on  a  larger  addition  of  the  carbonai 
becomes  infusible.     With  solution  of  cobalt  it  gives  a  blue  glass.  (T 
lius.)     When  finely  pounded,  it  is  perfectly  decomposed  by  hydri 
ric  acid,  without  forming  a  siliceous  jelly  (thereby  distinguished 
Mejonitc). 


CaO 

FeO 

At 

....     1     ,.., 

280 

51-4 
62-0 

Wemtrile. 

19-80 

Z.        36-35 
43-85 

Walmitedt. 

TuMberg. 

iy-37 

O-fil 
35-28 
43-83 

NordeiuktotI 
18-96 

APC  .... 
SiO«    .... 
HO 

....     1    .... 
....    2    .... 

3543 
43-83 
1-W1 

141-4 


10000 


99-09 


5.  AnorOiite, — Crystalline  system,  the  doubly  oblique  prismatij 
Primary  form;  Fi<j.  121;  y  :  u  =  94"  12';  y  w  '=  110'  57';  w  :  r  ' 
117°  28';  cleavage  parallel  to  y  and  u.  Specific  gravity  =r  2-763.  (O. 
Rose.)  Harder  thau  apatite.  In  tiic  rest  of  its  characters  it  resembles 
felspar.  Before  the  blowpipe  it  behaves  like  felspar,  but  yields  with 
carbonate  of  soda,  in  e\cTy  proportion,  a  white  enamel — never  a.  tran 
^parent  glass.  (Berzelius.)  Concenlmted  hydrochloric  acid  complctcljj 
iecomposes  it  without   forming  a  jolly.  (G.    Rose.)     It   h.-w   the  san  ' 


ANORTHITE,  PRASEOLITE,  THOMSONITE.  43* 

formula  as  scapolitc,  excepting  that  small  portions  of  the  lime  are  replacdl 
by  maffnesia,  potash,  and  soda.  To  this  division  also  belongs  Nordcnskiold'a 
AiiiplujJelitc  (if  Lojo,  which  has  two  planes  of  cleavage,  inclined  to  each 
Other  at  an  angle  of  94"  10'.  Specific  gravity,  2-763.  Also  the  Diploite 
or  LalrolUe  of  Greenland,  which  Iwlongs  to  the  doubly  oblique  prismatic 
8y*icm.  According  to  Brooke,  its  two  planes  of  cleavage  also  mako  an 
nngle  of  03"'  SO*  with  each  other;  according  to  Breithaupt,  the  angle  ia 
about  O.i".  Specific  gravity  =  272  (Breithaupt),  —  28  (Brooke.)  Tho 
following  result  is  the  mean  of  two  analyses  of  Latrobite. 

G.  Row.  I 

At.  Anorthitt.  Vnurtiu.  1 

KO  ....  ....  I 

NaO     ....  ....  I 

taO     \  ....  280         19-80         ....  15-68  I 

MgO    ....  ....  5-26  I 

Fc'C  ....  ....  0-74  1 

AI-0»    1  ....  51-4         36.35         ....  34 -IS 

SiO' 2  ....  620         43-8.1         ....  44'49  j 

i         Z       141  4       100-00         ~.       100-C3  ' 

Abicb.  Nordenakiold.  C.  Gmelin. 

«•  Venriai.  b.  Amphodttilt.  Lotrubile. 

KO 0-25  ....  0-88  ....  ....  6  .'.7 

N»o 0-27  ....  trnco 

C»0    1902  ....  18-07  ....  1015         ....  903 

MgO   0-56  ....  1-56  ....  505         ....  0-62 

FrO« 0-70  ....  0-33  FeO...  1-70  Mn'O"  31f. 

Al'D* 35-12  ....  33-84  ....  35-45         ....  34-82           I 

8iO>    44-12  ....  44-98  ....  45-80         ....  4321 

no ....  ....  ....  2-01  I 

100-04         Z         99-66         Z         98-15         ~.         99'45 

6.  Pra*eoUU. — Rounde<l  four,  six,  eight,  and  twelve-sided  prisms,  of 
i!p<'cifio  gravity  2-7."»4;  harder  than  calcspar.  Green.  Gives  oil"  water 
wh«'n  heated.  Fuses  with  difficulty  at  the  edges  to  a  bluish  green  glass. 
(Enlinaun.)  If  tho  protoxide  of  iron  found  by  Erdmann  may  bo  osli-  I 
mftled  M  scsquioxide,  the  formula  will  be  :  MgO,  SiO'  +  APO',  SiO'  -|-  A4., 
00«-<ixth  of  tho  alumina,  however,  being  replaced  by  sesquioxide  of  iron. 

7.  Tlwmionite,  ComplonH^.—^aO,  SiO'  +  3(CttO,  SiO')  +  4(A1'0',  SiO') 
+  8  Aq.  —  T/u/mtoHite.  —  Crystalline  system,  tho  sqnorc  prismatic. 
Square  prisms,  with  the  lateral  and  terminal  edges  and  the  corners  trun- 
catod.  Specific  gravity  ^  2-37.  Harder  than  fluorspar.  Tiansjiarcnt. 
Swells  u)>  before  the  blowpipe,  becoming  0])aque,  and  fusing  at  the  edges 
to  a  white  enamel.  With  acids  it  yields  a  jelly. — Comptonite. — Belongs  ' 
to  the  right  prismatic  system:  Fi/;.  G'>  with  m-hcca;  i  :  i  ^  177"' 35*; 
m'  :  •/  =  03'  45';  cleavage  parallel  to  w,  t,  and  k.  Harder  than  fel8|>ar. 
Transpari-nt  and  colourletts.  Froths  up  before  tho  blowpipe.  When 
digested  in  the  state  of  powder  with  nitric  acid  it  yields  u  jelly. 

Beneliai.  * 

T^omtoutle.  Dambwtoa. 

KO    

NaO 1           ....            31-2          4-87  ....  453 

CaO  „.          3            ....              840          13U  ....  1354 

AIO» 4           .,.,           205-6         32-08  ....  3070 

SiO'  8           ....           2480         38-70  ....  .18-30              ^ 

Ho    8          ....            720         11-24  .._  1310             ■ 

i  Z  ClO-8       100^  Z  IUO'17  ■ 

»oi,.  rii,  7.>  » 


4S4 


SIUCICM. 


I 


KO.„~ 

NiO  

c»o  ..... 

AFO» 

SiO»  

HO    


ComftOuiU, 
RammelatMn. 

on 

3-85 
13-43 
30-84 
38-74 
13-10 


100-50 


Zippe. 

6-53 
11-96 
3200 
38-25 
11-50 

100-24 


MrOr. 


1j-.  '( 
.>!  07 
S7-00 
12-24 

991 6 


II.  lulite,  Dicliroitf,  Cordierile,  SUiiiheilite,  Peliome,  LucJu-napphiit.— 
Crystalline  system,  the  .square  prismatic.  Fiff.  70;  u' :  u  =  120"  nearly; 
cleavage  imperfect,  parallel  io  p  and  u.  Specific  gravity  :=  2-J8;  softer 
than  (|iiartz.  Parallel  to  its  axis  it  exhibits  a  blue  colour,  Lot  perpen- 
dicular to  it,  a  yellowish  grey.  Before  the  blowpipe  it  fuses  with  diffi- 
culty at  the  edges  to  a  transparent  stone-coloured  glasa.  Disaolrcs  wili 
difficulty  iu  burax  and  phosphate  of  soda,  in  the  latter  with  separation  of 
a  skeleton  of  silica.  It  is  but  slightly  attacked  by  acids.  3(MgO,SiO-') 
+  FeO,SJO'-f  2(2Al'0',3SiO'.)     Vid.  V,  03. 


e.  2M0, 2 A1'0»,  5SiO'  =  2(M0,  SiO")  +  SAl'O',  3SiO'. 


Stromeyer*          « 

At 

toli\e. 

SimiuUJi.                   Botal^l 

Mgp 

3 

COO 

9-83 

If. 

11-45          ....          lO-lM 

FeO  

1 

35-2 

5-76 

.... 

4-34          ....            8-.tt 

UaO^,.. 



„ 

0-04          ....            0-33 

APO» 

4 

205-6 
310-0 

33-66 
50-75 

33-12           ...          31-:i 

SiO»  ...... 

.„.     10 

49-17          ....          4S35 

HO 

l-.i0          ....            0-i9 

1 

tilO-8 
Doiudorir. 

100  Cj 

99-32         ....         9946 
Scheerer. 

L 

OrrijrriVi 

Cordirrite.            Aipariolile. 

^^K 

«V> 

10-45 

.... 

12-76 

8-01 

^^B 

f*  . 

5-00 

i-.t 

096 

2-34 

^^B 

MnO 

0-03 

.... 

trace 

trace 

^^^L 

APC 

32-88 

.... 

32-95 

32-38 

^^^K 

SiO>  

49-95 

.... 

50-44 

50-40                  _ 

^^H 

HO 

1-73 

.... 

102 

6-73          m 

■ 

CaO  

... 

112 

trace                g 

100-06 


99-25 


99-86 


2;  Barsowite. — Hard;  sometimes  granular  and  of  specific  gnritf 
2-751;  sometimes  compact,  and  of  specific  gravity  2'74.  White  and 
translucent.  Before  the  blowpipe  it  fuaes  with  difficulty  at  the  edge* 
only,  and  with  slight  evolution  of  gas  bubble*,  forming  a  hlistorwi 
glaw;  with  borax  it  yields  a  transparent  glass,  and  also  with  pho»- 
phate  of  soda;  in  the  latter  case,  the  bead  becomes  opalescent  ou  cooling, 
and  contains  an  infusible  ekeletun  of  silica;  with  .in  eijual  proportion  of 
carbonate  of  soda  it  yioltls  &  blistered  glass;  with  a  smaller  ijuantity, » 
white  infutiiblc  mass.  In  the  state  of  powder,  it  is  dccompoacd  by  hot 
hydrochloric  acid  and  converted  into  a  thick  jelly.  (G.  Rose,  I'offff.  48, 
S(J7.) 

At. 
CaO 7    ....      196-0 


MgO   .... 
AIHJ«  8 


SiO» 


20 


■200 
411-2 
fi200 


15  71 

1-60 

32-97 

49-72 


VarrentT»pp. 
15-30 


1-42 
33-78 
4905 


1247-2       10000 


99-55 
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S.  ^marlUe. — 2MgO,2Al'0",5SiO',  2Aq. — ^Large  rounded  priains; 
eleftra^  parallel  to  the  termiiKil  face.  Specific  gravity  =  2'70f»;  Lard- 
Desa  betw<«cn  calespar  and  fluorspar.  \N'Lcn  heated  it  evolvcji  water. 
FuAos  before  tbo  blowjiipo  to  a  grey  glass  at  the  edges;  ilissolvcs  in  borax 
and  in  microcoimic  salt,  formini;  glaBscs  which  are  coloured  by  iron;  with 
carbonate  of  soda  it  forms  a  yellow  slag.  (Erdinann. ) 


MgO 

MoO 

PeO    

A1K)» 

SiO=   .„.. 

HO 

C»0,  PbO,        I 
CoO.CuO,Ti05f 


At. 
10 

2 
12 

30 
12 


Btmarkile. 

2000 

10-39 

70-4 

3-65 

fil6-8 

3204 

9.100 

48-31 

1080 

5-Cl 

1925-2 

100-00 

Erdiaann. 

10-32 

0-41 

3-83 

32-08 

45-97 

5:49 

0-45 


98-55 


4.  Fa/</u»ii/*.— 2(KO;CaO;  JlgO;  MnO;  FeO),  2A1=0', 5SiO', 3Aa.— 
Black  crystals  of  the  fomi  of  topaz  and  of  qx-cific  gravity  2-/4.  Before 
the  blowpipe  it  becomes  coluurk-SM,  cracks,  and  swells  up  sliglitly,  fusing 
a.t  the  edges  to  a  glass;  assumes  a  blue  colour  when  ignited  with  solution 
of  cobaltj  with  bor.ix  or  microcosmic  salt,  it  yields  a  gloss  which  ia 
Coloured  by  iron.  (Waditmeister.) 


Wacbtmcdstar, 

At. 

Fahlunite. 

Trm  non  nunfl. 

I/mliKiimlM 

KO  ....... 

...       I       ... 

47-2 

1-55 

1-98 

1-38 

c»o 

...      2      ... 

5C-0 

1-84 

1-35 

0-95 

MkO  .... 

...     10      ... 

2000 

fi-57 

C-75 

6-04 

MiiO   .... 

...       2      ... 

71-3 

2-34 

2-24 

1-90 

FeO  

...       S      ... 

105-6 
925-2 

3-47 
30-40 

3-86 
3010 

7-2a 

Ar-o>  .... 

...     18       ... 

.10-70 

SiO' 

.     45       ... 

i;i95-0 

45-84 

44-60 

44-95 

HO 

...     27       ... 

243-0 

7-99 

9-35 

8-65 

SiP 

trace 

trace 

3013-2       100-00 


100-23 


101-79 


5.  5r«fnWl<r.—2(NaO,Ca0),2Al'O',5SiO',4A4.— Colourless  prisms  and 
inar  radiated  masses. 


Sondm. 

At. 

Brteielle. 

SiKini. 

NnO 

8       ... 

249-6 

10-09 

m-se 

CaO 

6      ... 

168-0 

6-79 

e-ss 

K^'  ..... 

0-21 

...       14       ... 

719-fl 

2908 

28-39 

BiC 

...      35       ... 

108.'>-0 

43-85 

43-88 

HO  

..      28      ... 

2520 

10-19 

9-63 

1 


2174-2       100-00 


99-31 


0  Uydrutrd  loliK.  —  2(MuO;  FeOV  2Al'0',  5StO',  4A<i.  — Regular 
slx-siilcd  prisma  with  truncated  lateral  edges ;  cleavage  puraliel  to  p. 
Rather  harder  than  calcq)ttr.  Qroeuish  brown  and  translnceut.  \v-i...p 
biTitcil  it  yields  water  and  loses  lu.'stro,  but  suffers  no  furthcv 
Before  tlio  bljwpipo  it  becomes  paler  but  does  not  fuse.  It  '^  ^'."■ 
'"HBpletuly  decomposed  by  acids.  (Bousdorff.) 


^ 


MirO. 
SiO"  .. 

no  .. 


Al. 
.t 
I 
4 

10 
8 


siuciim. 


GO-O 

.^5-2 

205-6 

3100 

720 


8-79 

Slfi 
3011 
4o-i0 
1054 


BottrfotC 

9-00 

5-SO 

30-<» 

10-60 


I         ....       682-8       100-00         ...       100-00 

7.  MttoU. — That  found  at  Faroe  most  be  regariled  as  :  2(N«0;CC 
SAl'O*..'>Si0',  5Aq.     Thttt   of  Annaklef— tliougU    with    less    Mrtaiol 
»s:   lNftO,lCaO,2AI'0'..'>SiO',4A.i,;  probably  allied  to  Brevicite. 
mineral  yields  a  jolly  with  hydrochloric  acid- 

Bcrxdias 
At.  ifetote.  Fmr. 

N»0  8      ....  62-4  5-76        ....  5-6S 

C»0    4       ...         1120        10-34        ....         11-43 

A1«0»„ -       «       ....         308-4         28-48         ....         2800 


Holder. 


ao* 

HO.. 


IS      ^ 
IS      ... 


4C5-0 
1330 


42-95 
12-47 


42-60 
12-70 


le-n 

8-07 

41-st 

lI-7» 


1062-8       100-00 


lOO-SC 


98-W 


nesT*-^ 


y.  MO,  AlK)',  3SiO'  =  MO,  SiO'  +  A1'0»,  SSiO*. 

1.  Ryacolite. — (Occurs  in  two  fomis,  one  portion  resembling  ti* 
felspar,  another  the  ordinary  variety  of  tb.at  mineral.) — ^KOiN'aO; 
lAl'O'.  3SiO'  =  (KO;  NaO;  CaO)'.  SiO»  + APO^  2SiO^— CryrtaUine  gyil 
tem,  the  oblique  prismatic;  m'  ;  «  =  119^  21'j  i  :  <  =  90';  clearaM 
panllel  to  i  and  t.  Specific  gravity  =  2-618.  Before  the  blowpipe  it 
tiifles  rather  more  readily  than  adularia,  and  at  the  sainc  time  itupait* 
a  more  intense  yellow  colour  to  the  flame.  Hydrochloric  acid  deoompoae* 
it  imperfectly,  and  separate*;  pulverulent  silica. 


G.Rom. 

At. 

KftcolUt. 

TMUTim. 

KO  

3 

141-6 

6-S8 

5-92 

NaO 

8 

2496 

11-60 

10-56 

CO 

1 

280 

1-30        „..           1-07 

MrO    

.. 

- 

- 

0-23 
0-28 

APO"   

„       12 

61G8 

28-66 

29-44 

Si<y     

36 

11  ICO 

51-86 

50-31 

1        ....       2152-0       100-00        ....        97-81 

2.  £a&ra</or.— l(NaO;CaO),lAl-0',3SiO=,or:  NaO,SiO'  +  3(CaO,^ 
+  4(Al'0',  2SiO'). — Cryst.-iHine  system,  the  doubly  oblique  prisnialii 
cleavage  in  two  directiona  which  cross  each  other  at  an  anple  of  ■" 
J»3'  30'.  Specific  gravity,  vuryinK  from  2-6.9  to  2-7j.  Resembles  fel 
and  behaves  like  that  mineral  before  tlic  blowpipe;  fuses,  however,  at  a 
somewhat  lower  temperature.  Labrador  is  completely  decomposed 
concentrated  hydrochloric  acid. 


liO 


Abich. 

Segeth. 

LeHani4 

Lairador. 

EllUL 

Uih>K«ik. 

0-22     . 

..       0-22     .. 

31-2          4-50      .. 

4-10    .. 

3-64     .. 

S-97 

810        1213      .. 

9-49     . 
1-74     . 

..     10-63     .. 

.     12-10 

. 

0-89     . 

tnee    .. 

i 

,, 

100    .. 

2-34     .. 

0-30  1 

205-6        29-68 

2-5-46     . 

.     2719     „ 

.    29-97  J 

372-0        53-69 

.       53-48 

5ft-.15     , 

52-3f  1 

692-8       100-00      _ 

_ 

ontfl^ 


GLAUCOUTE,   EKEBEUCITE,  PINITE,   SODAUTE. 
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To  tills  class  also  belong— so  far  at  least  as  their  composition  is  con* 
cemed — tho  minerals  GloucoUtt  and  EhcbergiU. — Glaucolitf:  specilic  gra- 
vity=:2  721.  Softer  tlian  felspar.  Blue  and  translucent.  Fuses  with 
difficulty;  dissolves  slowly  in  borax  and  luicrocosmic  salt.  (Bcrgeraann.) 
—Ekebergite,  on  account  of  its  niiueralogical  similarity,  is  generally 
classed  with  Mejonite  and  Wernerite;  but  the  following  analyses  do  not 
•free  with  this  classiflcntion.  The  mineral  exhibits  a  well  marked  piano 
of  cleavage.  It  is  Larder  than  Wernerite.  Specific  gravity  =  2'716« 
Transparent.     Before  the  blowpipe  it  behaves  like  Wernerite, 
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3.  Pi'«iV*.— KO,SiO'  +  FeO,SiO'  +  2(Al'0',2SiO')  +  Aq.1=:(KO;  FeO). 
SiO'  +  Al'0',2SiO'.— Crystalline  systCTu,  the  hexagonal.  Fig.  133  and 
139  (without  the  secondary  face  between  p  and  *),  p  :  r  =;  138^  11'. 
(Ilauy.)  Cleavage  parallel  to  p  and  also  parallel  to  $,  though  less  dis- 
tinct Specific  gravity  =  2-78.  Softer  than  felspar.  Slightly  translucent. 
It  becomes  colourless  before  the  blowpipe,  and  fuses  at  tho  edges  to  a 
blistered  glass,  which  is  colourless,  or — when  a  largo  proportion  of  iron 
is  present — black.  Dissolves  in  borax  with  difficulty,  yielding  a  trans- 
parent glass;  and  with  still  greater  difficulty  in  raicrocosiuic  salt,  forming 
a  glaas  which  contains  an  insoluble  skeleton  of  silica  and  becomes  opales- 
cent on  cooling.  (Berzclius.)  It  is  but  imperfectly  decomposed  by  hydro- 
chloric acid. — The  want  of  accordance  in  the  analyses  renders  it  inipossiblo 
to  construct  a  fonnula  which  shall  include  tho  whole.  Probably  tha 
water  is  iiot  an  essential  constituent  of  the  mineral. 
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4,  Sfxlatite,  .S'orfa-J/^fso<.v;'f.—NaO,SiO'-t-Al'0',2SiO'  +  2Aq.— Be- 
longs to  the  right  prismatic  Bv*teni.  Fig.  71,  without  the  y  face. 
m'  :  u  =  f).3"  22'  (91'  20.'.  Phillip's);  a  :  u  =  llC  32';  a  :  a  ■=  144^  16'; 
f  ;  It'  ^  133°  14';  cleavage  parallel  to  ti.  (Hany.)  According  to  G.  Rose 
(/'";/'/.  28,  424)  it  belongs  to  the  oblique  pritmatic  system:  for  the  nnglo 
bttHcen  M  and  the  a  above,  is  116"  27',  while  that  between  u  and  the  a 
below  U  only  115°  24';  tt'  :M  =  0r35'.    Specific  gravity  from  217  to  2-25. 
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5.  ScolezUe,  Cnlforeoiu  A/'worv/xr.— CaO.  SiO=  + A^0^  2SiO'+3A 
or,   according    to   Kiino  :    CaO,nO,SiO'-  + Al=0',2SiO=-|-2Aq.      For, 
ecilrxitn  is  icoiuor|>lious  with  sfxlalite,  the  CaO,HO  in  scolezito  f«p 
the  NnO  in  natrfilit& — CrystaJlino  fomi,  the  same  as   that  of 
Sj»eci6o  gravity  =  2-21.     Before  the  blowpipe  it  curls  up  in  »  vermiciilM 
»bitiie,  aud  then   fitaes  easily  to  :i  blistered  glass.      With    hydrochl 
arid  it  belmvcs  liktj  sodalitCi  dincolves  iu  oxalic  acid  with  seporaxion  < 
oxalate  of  lima 
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of  one  atom  of  sodalite  luid  two  aUima  i 
',-2A<i.)-f2(CaO,Al'0\3SiO',.3Aq.)=  IN» 
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I  MO,  A1»0>,  4SiO'  =  MO.  SiO'  +  Al-0',  3SiO', 

1.  Leudte.—KO,  ATO',  4Si0*  =  KO, SiO'  +  APO', 3Si0».     Belongs  , 
the  regular  srstem.      Fi<j.  11.     Specific  jfnivity  from  2'4  to  2-5. 
LarJnec^s  it  is  Wtwccn  apatite  and  felspar;  fructtiro  conchoidal.     Tr 
p-aroiit.      Infusible  before  the  blowpipe;  dissolves  with  ditfirulty  thoq 
abundantly  in  borax,  yielding  a  trr^  '  '         'nt' 

iiiicrocosDiic  sail;  offervescea  with  en 
ticulty  to  a  dour  bliftcriHl  gla»s.  (Bcrroliii-.) 
dii-idoil  state  with  hydroohloric  acid,  it  ia  con.. 
e>eparalion  of  pulverulent  silica. 


LEUCITE,  ANDESINB,  ANALCIME,  LEDEnKKITB. 


4S9 


At. 

Uueite. 

KUprotb. 

hiheitaa. 

Awdrjew. 

EO 

.     I     . 

.       47-2 

21-20 

22 

2115 

20-40 

N.O  .. 

1-02 

yeSO».. 

095 

AlW.. 

.     1     .. 

51  -4 

23-09 

23 

23-10 

23-03 

SiO-   .. 

.     4     . 

.     1240 

55-71 

54 

5C-10 

56-05 

222-6       100-00 


99 


101-30 


100-50 


When  Boliition  of  silica  ia  added  to  an  aqueous  Bolution  of  alumina  in 
potn^h,  the  mixture  solidities  after  a  few  iniuutes  to  a  semi-opaque  jelly, 
in  coiucquence  of  the  separation  of  a  double  silicate  of  alumina  and 
potasb,  which,  according  to  Berwliiis,  has  the  same  composition  as  Icucitc; 
tlie  excess  of  potash  remains  dissolved  in  the  liquid. 

2.  Avdeiiine.—\(YiO;  NaO;  CaO;  MgO),  lAlW,  4SiO'  =  {KO;  NaO; 
CaO;  M^rO),  SiO'  +  Al'O',  3SiO^— Belongs  to  the  doubly  oblique  prismatic 
vyslem,  Ppeci6c  gravity  =  2-73.1.  Resembles  felspar.  Fuses  much 
znoro  readily  than  albitc,  and  yields  a  turbid  gkss.  (Abich.) 
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3.  Analcim«.—l XaO,  1  Al'O', 4SiO', 2 Aa.  =  NaO, SiO'  +  Al'O', 3S!0,  + 
2Aq. — Belongs  to  the  regular  system.  Primary  form  a  cube;  occurs 
also  in  octohedrons  like  those  of  loucite,  and  in  cubes,  often  with  the 
fa«es  of  the  leucite-octohcdron  replacing  tiie  edge.?.  Cleavage  indistinct 
parallel  to  the  faces  of  the  cube.  Specific  gravity  from  2'1  to  22, 
softer  than  felspar.  Transparent,  and  colourlcss.-^Bcfore  tho  blowpipe 
it  loses  water  aud  becomes  milk-white;  but  when  tho  heat  is  increased 
it  agiiin  becomes  clear,  and  then  fuses  quietly  to  a  transparent  glass.  It 
18  readily  decomposed  by  hydrochloric  acid,  with  separation  of  viscid 
silica;  after  ignition,  however,  the  decomposition  becomes  more  difficult. 
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4.  I^Jercrile.  —  lCn,0,lA\'0\iS\(y,2Afi=  CaO,8iO»  +  Al'0'.3SiO'-f- 
2Aq. ;  one  third  of  tho  iimo  i«,  however,  replaced  by  soda.  Phosphnto 
of  limo  is  aldo  prrsont,  but  -n-hother  it  is  essential  to  tho  composition  of 
tho  niincrnl  has  not  yet  been  dclemiined. — Crystalline  system,  the  hox- 
iiu"M-il  (B.  n.  I.,  IC).  Fii^.  137,  ;i  :  7-=130.  Specitio  gravity  =  2109; 
r!  •  too  of  hiinlness  aa  felspar.     Transparent  and  colourless. 

(J  i(iro  tho  blowpipe  it  becomes  opaque,  and  subsequently 

yi«id»  a  white  cu&mol,  wUicb,  by  long  continued  exposure  to  the  flooie, 


siuciinrf. 

itnps  more  g\M»y.     Kffemeeoee  with  ciirbon»te  of  BoAm, 
Vliit«  eoamol.     Perfectly  decomposed  by  bydrochloric  add. 
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5.  CaporfianiV</—lCaO,lAl'0'.4SiO',3Aq.— Swells  np  eli^htlr  Ixs^ 
fore  ihe  blowpipe,  au<l   fii>i<w   immediately   afterwards.    (.\n'i  ">'•' 

Edinb.  PAH.  J.  34,  21.)    [This  mineral  is  probably  related  to  L 
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e.  Lomonite.  —  lCaO,  iMHy,  4SJ0',  4Aq.=CaO,  SiO"  +  l  AnCSSiC 
+  Aq. — Belongs,  according  to  Hauv,  to  the  right  prism&tio  system;  J^i^ 
65  with   the  rn-face;  u   :  «  =  98'^"l2';  i  :  t  =  121"  29'.      Aicordin?    ' 
Phillips,  it  belongs  to  the  oblique  prismatic  system;  primary  form  :  f'l 
81;  i  :  u'  or  «=86"'  l.V;  iJ  :=  113°  30'.     Specific  gravity  =23.    SofU 
than  calcspar.       Transparent  and  colourless.     When  expose  1  to  the  ailj 
it  swells  up  *lowly  and  forms  an  opaque  friable  mass.     Before  the  blo« 
pipe  this  change  takes  place  immediately;  after  which,  the  mineral  ^-ield 
a  while  cuamel,  which,  at  a  higher  temperature,  becomes  transpai 
Dissolves  with  case  in  bydrodilorio  acid,  a  siliceous  jelly  being  scpoimte 

At>  Lomonile. 
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7.  Chabtuilr.  —  i (KO;  NaO;  CaO),  lAl'O',  4SiO',  eAq  =  (KO;NaO; 
CaO),  SiO'  +  AlK)^,  3SiO'  +  6Aq.— The  variety  richer  in  lime  is  called 
_  7nl{nary  or  Calcareous  C/iabatUe;  that  which  is  richer  in  soda,  Omelenil 
iS'/>tt>-ion»  SarcoliU,  IlydroUte,  or  Soilix-dialnitiU. — Crystalline  system,  t(t( 
rhombohedml;  primary  form  an  obtuse  rhomlwheilron :  Fiff.  141  and  !■(' 
nth  a  ff-face;  >-•:,•»=  93^  48';    r'  :  »•"  =  86"  12';  cleai-agt- 
ttullel  to  r.  (Hauy  )     Specific  gravity,  from  2  0  lo  21.     f^ 
relsi>ar.     Transparent  and  coloarless.     Shrinks  up  before  tho  t4owj.i^ 
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and  fusea  to  a  blistered,  slightly  tranBlucent  enamel.  It  is  perfectly 
decomposed  when  treated  in  the  state  of  powder  by  hydrochloric  acid; — 
csilnircous  ohalm^ite  is  decomposed  with  comparative  ditticulty  and  sepa- 
ration of  viscid  silica;  soda-chabasite  more  readily,  with  forroatiun  of 
siliceous  jelly. 
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Many  varieties  of  calcareous  chabasito  appear  to  contain  4}  atoms 
instead  of  4  atoms  of  silica;  this,  however,  is  regarded  by  Berzclins  as 
arising  from  an  admixture  of  (]u.irtz.  Whether  Levyne,  which,  on  tho 
contrary  contaim;  Ics.s  wilica,  is  allied  to  calcareons  chahasite,  is  still  a 
matter  of  disjiiitc.  1  Geiitli  {Ann.  Pharm.  06,  270)  finds  in  a  variety 
of  ohab.•^^ite  occurring  at  Annerode  near  Giessen,  47  jier  cent.  SiO', 
1!)-T1  Al-0^  O-l.'J  Fo'O',  10-03CaO,  0  65NaO,  0-33KO,  and  22  29  water. 
From  this  he  deduces  the  formula,  3(CaO,NaO,KO)3Al-0»,4SiO',18Aq. 
According  to  Engelhardt,  3  atoms  of  water  out,  of  the  18,  are  driven  off 
at  100',  and  12  atoms  more  at  a  higher  temperature,  the  last  3  atoms 
being  more  intimately  combined  than  the  rest.  IT 

f.  MO,  Al'O',  CSiO»  =  MO,  3SiO'  + A1'0»,  3SiO'. 

1.  Feltpar.  Potadi,-fd*par,  (?rMof/(Mtf.— KO,  Al'O',  CSiO'=KO,  3SiO* 
•fAl'0',3SiO'. — CrysUllinc  system,  the  oblique  priomatio.  Fuj.  81,  82, 
and  many  other  foniis,  namely  those  with  a  and  /-faces;  i  :  /  =  00"; 
fi'  :  1/  =  118'  48-6';  u  -.1=  120°  3.57';  «  :  «  =  90^  G-iy  (00",  G.  Rose). 
(Kupffer.)  Cleavage  distinct,  parallel  to  i'  and<;  indistinct,  par.illel  to  m; 
specific  gravity  from  2406  to  2-601,  and  increasing  in  proportion  as  tho 
potash  is  replaced  by  soda  aud  lime.  Softer  than  quartz,  but  harder  than 
Apatite;  gives  faint  sparks  with  steel.  Transparent  and  colourless. 
Fuses  with  great  difficulty  to  a  blistered,  turbid  glass.  In  borax  it  dissolves 
slowly,  forming  a  trniispaient  glass.  In  microcosmicsnlt  it  dissolves  when 
rriluccil  to  powder,  but  with  great  difficulty  and  8C]iaration  of  a  skeleton 
of  silica,  anil  yields  it  gliu-is  which  becomes  ojialescent  on  cooling.  With 
cirbijiiale  of  .Hida  it  rfl'ervesces,  an<l  ia  slowly  converted  into  a  tiansparcnt, 
blixtc-reil,  and  very  infusible  glass;  with  solution  of  cobalt  it  ouurocs  • 
blue  colour  at  the  fused  c<lge8  only.  (Oerzelius.) 
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r,   or  if  powdered  felspar   pi*- 
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i\  it  gircs  uf  IK  rwitaKh  t«  the 
in  the   c  i.   (Forhi, 

....,^.^.u  is  not  &t :,,....   »wted   a{K«> 
I';  at    12J'   (257°   F.)    In    a    Papm'l 
"    '^         at  IJO"  (302'  F.)8t 
alkaline.      The  oomf 
11-  jirooess,  ■which  ia  of  the 
.  felspar  is  decomposed  in  natarea 
^CL'-,  i»:?:i  r-    i^ivea   up  KO, -iSiO^  to   the 
a-hich,  with  8  atoms  of  water,  constitute  day. 
343.) 


Abicii. 

G.  Row. 

At. 

Ptiui.pU^ar. 

a. 

b. 

e. 
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-~ 
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■ 
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■ 
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■ 
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6S-(H> 
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67-87 

■ 
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99-70 
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a,  i<  Adnlaria,  from  St  Gotthafd; — b,  ordinary  felepar,  from  Baveno,  j 
of  specific  gravity  2-555; — c,  glassy  felspar  from  Vesuvius; — d,  the  samol 
Tari<*tv  fri-<fn  the  Ura  of  .^rso.  of  specific  gravity  2-C012;— «,  a  similar) 
V  tic  gravity  2-5972;— /,  the  eame  from  the 

ti.  ;:ravity  2-G51.     Honoe,  it  appears  that  it 

it  i-liittiy  iu  the  glassy  i'  ■-!'  :r-  Dccurring  in  vcilcanio  regions,  tliat  ■ 
portion  of  the  putasli  is  r<  j>l.i<'<  >l  by  £oda,  lime,  and  luagueaia.  Brei- 
thanpt'a  ValeneianiU  and  MicnKlina  hare  precisely  the  same  compoeitioo 

A'  with  the  same  crystnlliDe  form  and  composition  a* 

the  ii;-  ...  u:is  hccn  found  on  the  wall  of  a  smelling  furnace   in 

<«  r  ore  was  reduced.  (Kereten,  Heine,  Poy<i.  33,  336;  34,43I.)l 

Vi  „.:.  ...joT,  or  a  mixture  of  its  component  parts,  is  fusetl,  no  cryslaU^ 
are  obtained,  even  when  the  iua63  is  cooled  very  slowly,  but  moroly  a  i 
(Mitacherlich.) 
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^  2.  AlbiU,  Soda-fihpar.—l-SnO,  1  AI'O',  CSiO'  =  NaO,  3SiO'  + Al'O', 
siO'.     When  a  portion  of  the  soJa  is  replacoil  by  potabk,  the  mineral  ia 
lUcd  Peridiuf  and  Potash-albite.     Albiie  belongs  to  tUo  doubly  oblique 
st<^m  of  crystallization.     Primary  form,  Fiff.  121,  with  tho  r-facc  rephic- 
the  acute  iinnle  between  u  and  v;  i/  :  u  =:  93"  30';  »/  :  v  =  115 '  .V; 
:  w  =  117°  ij*;   »  :  s  =   119°  52'j  v.  z  =  122"  \  5' ;  cleavage  parallel 
I  y,  u,  and  v,  but  most  distinct  parallel  to  y.     It  almost  alwav-i  occars 
In   macle-crystiils.    (G.  Rose.)      Specific  gravity  of  albite  =   2''6I4;  of 
ericlino  =  2  041;  of  pot..isb-albitc  =  2022.  (Abieh.)     It  is  very  liko 
likpar.      Before    the  blowpipe   albito  behaves  like   felspar,   imparting,  J 
■owcver,  a  more  dintinct  yellow  colour  to  tho  flame.      PoriclTiie   futies' 
Doro  readily.     Not  decomposed  by  aqueous  acids  or  alkalis. 

Eggcrtz.  Strompyer.  G.  Rose.      Tbaxiluw. 

At.                    Altiite.                    Kiiiho.  Clicfl«ficld.  Airad»L  St.OoUlmnl- 

«l»0 I     ....       31-2       11-62     ....     10-50  ....       906     ....  812  ....     1147 

....       0-55  ....       0-24     ....  0-G9  .... 

....       Oil     ....  0-28  ....       0-20 

1     ....       51-4       19-13     ....     18-45  ....     19-80     ....  1930  .]..     J9-43 

6     ....     186-0      69-25     ...     70-48  ....     7008     ....  68-46  ....     69-00 

i     ....     268-8     10000     ..7   99-98     ....     99-89     ....     97-84     ....  100-10 

The  albite  analyzed  by  Thaulow  was  rcgardo<l  as  pcricline.  Tho 
^  Pfricliue  of  Zoblitz,  analyzed  by  C,  Gmclin,  coniiistii  of  nliout  IKO, 
6NaO  (total  7),  7ATO',  4-2SiO';  and  that  from  the  island  of  Pcntelliiria 
analyzed  by  Abicb,  2KO,10NaO.2CaO,lMgO  (total  15),  15Al=O',90SiO'. 
— The  Potaili^lbitf.  from  the  trachyte  ^i  the  Drachenfels,  is,  2KO,5NaO, 
2CaO  (total  9),9Al-0\54SiO'. 

8.  .fc/>wri76»<<'.— lCnO,lAl'O',0SiO',5Aq.,=  CaO,3SiO'  +  ArO',3SiO' 

4-Aq, — Crystalline  system,  the   right  prismatic.     Fig.  04,  without  tho 

[t-foco;  «'  ;  u  =  135'  10*;  o  :  it  =  00°  C*.     Cleavage  distinct,  parallel  to 

the  acute  lateral   edge  (^face).     Specific  gravity  =  2-25.     In  hardness 

it  is  intermediate  between  folspar  and  apatite.     Transparent  and  colour- 

iless.    When  heated,  it  swells  up  strongly  and  evolves  water.     Before  tho 

lblowpi]>e  it  inlumesces  and  yields  a  highly  blistered  enamel,  which  does 

not  run  into  a  globule.     With  borax  and  with  microcoBmic  salt  it  yields 

a    transparent  glass,    accompanied   in  the    latter  caso  with   a   skeleton 

of  silica.     With  carlionato  of  soda  it  forms  a  clear  blistered  glass,  and 

with    solutiou   of  cobalt   a  blue  enamel.      It  dissolves   in  concentrated 

hydrochloric  acid,   with  separation   of  silica  in  the  form   of  a  granular 

powder;  after  ignition,  however,  it  is  perfectly  insoluble.  (0.  Rose.) 

k  At  Epuliliite.  G.  Rom.  ■ 

L N»0    ....  ...  1-78  I 

^H  C«0 1  ....  28-0                902  ....  7-50 

^B  Ai:o>  1  ...  &I-4               I«'56  ....  1752 

^H  SiO'    6  ....  lSG-0              60-92  ....  5859 

^H  tlO 6  ....  450              14-50  ....  14-48 

^H  1  310-4  100-00        Z.        09-93 

^^4.  SlilhiU,  iPf-TOiiii*.— lCaO,lAl»0',GSiO',  CAq.  =  CaO,3SiO»  + 
Al'0',8SiO'  +  flAq. — Crystalline  .system,  tho  rijcht  prismatic  'or  the  oblique 
LpriRmatic  I)  Right  rectangular  jirisms  with  four-sided  suramita  resting 
Von  tho  lateral  edges;  ciui.-equentiy  with  tho  wv,  t,  a-,  and  /(-faces;  p  :  a 
t:  133°  3';  a  -.m  =  123'  53';  a  :  I  =  118°  14';  a  :  a  =  123  32'  and 
■112°  14'.  CloavAgo  very  distinct  parallel  t<i  m.  Specific  gruTity  = 
PS'IO.     Aa  hard  aa  fluorspar.     Transparent  and  oolourleoa,  and  with  a 
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siticttni. 


bMtttifttI  ptfit'.y  lortre  on  the  m-fiiccs.     S»cIU  tin  strongly  hrtort  (I 
Wowi'ir*'  •nJ  f^****  "i*^  diffieolty  to  a  Wistere<l  jjlass.      It  is  riowlTl 
Bjlfrmtiii't^'lg  decoui[>ueed  by  concentnted  hjdrocbloric  acid,  witli  ae{i 
•f  atlicB  in  (Le  form  of  a  vucid  powder. 
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■  ..• 

280           8  77 

•«. 
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7-71 

mjrv  «^.. 

I 

••^ 

51-4           16-09 

,«. 

16-10 

I«-44 

Fmo*  ^.^ 

6 

•••• 

186-0          58-23 

,,., 

58-00 

5/18 

HO -. 

6 

.„. 

540           16-91 

.- 

16-40 

17-n 

319-4 


100-00 


99-70 


100-M 


L  3  Atoms  o/ttrongtr  bate  with  4  eUovu  of  Alumina. 

m.  OligocloM,  Soda-fpodumtne.  —  B^&0,AKV0^,\nS\O'  =  (3N»0, 
4SiO»)  +  4(Al'0*,  3SiO').  A  portion  of  the  soda  is  replaced  by  potiub, 
lime,  and  inagncfiia.  Crystalline  system,  the  doubly  oblique  prisma'ir. 
Specific  gravity  :=.  2-668.  Resembles  felspar,  but  fuses  witli  much 
rrcater  facility  to  a  transparent  and  coloorless  glasa.  Not  deoom|io«e<i 
by  acids. 
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Bmdius. 

Higm. 

At. 

Olifhclait. 

YUtrbf. 

AiT*se. 

Ara4>L 

KO  « 

i>^                        •* 

...       0-38    ..H 

■».. 

2-19 

NaO 

...      3    .. 

93-6 

11-77    . 

...       9-67     -.. 
...      3-18     „.. 
...       0-80    .... 

8-9     .,. 
3-0     .... 
0-2    ..„ 

9-37 

c«o 

2-41 

iSS ""; 

0-77 

...      4    .. 

..    205-6 

2586    . 

...     23-80    .... 

24-6    .... 

23-09 

so> 

.„    16    .. 

..    496-0 

62-37    . 

...     61-55     ... 

62-6    .... 

63-Stj 

Fc=0«  

... 

0-1     .... 

1 

795-2        100-00    ....     99-38 


99-4 


101-37 
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Most   of   the    aualyses  of   this   mineral,   however,   correspond  mora 
exactly  to  the  formula,  4NaO,  5A1-0',  2lSiO';  some,  as  those  of  Ronloi 
and  Btxieiimnn.  likewise  correspond  to  iNaO,  lAPO',5SiO';  but  then  it 
cenemlly  a  deficiency  in  the  quantity  of  the  stronger  baee.     Mnst  pro-, 
bably  The  proportions  are  3NaO,  4AP0',  l.iSiO°;  because  these  propor-i 
ticns  likewise  occur  in  spodumene,  and  because  the  uumber  of  atoms  ofl 
silica  therein  contained   is  exactly  half  that  which  occnrs    in   i>vtalit«.  T 
Further  analyses  of  siwcimens  of  oligoclase  of  the  utmost  {lossible  purity,! 
are  necessary  to  decide  the  question. 

ff.  Spodumfiie,  Tripltanf.— Either  3LiO,  4AP0»,  1  .".SiO'  =  3(LiO,  SiO=) 
+  4(AP0',  3SiO') ;  or  3LiO,  4A1H)»,  IfiSiO'  =  3LiO,  4SiO'  +  4(AP0', 
SSiO').  A  portion  of  the  lithia  is  replaced  by  soda.  Occurs  in  crystal- 
line masses  with  two  planes  of  cleavage,  one  more  and  one  less  distinct, 
and  intersecting  each  other  at  an  angle  of  105 '.  Specific  gravity  :=  3'2; 
harder  than  felspar.  Swells  up  before  the  blowpipe,  imparting  at  tl><» 
eanic  time  a  slight  and  transient  pnrple-ied  colour  to  the  flame,  and 
fusing  with  tolerable  facility  to  a  nearly  transparent  ghws.  With  solution 
of  Cobalt  it  gives  a  blue  glass.  When  mixed  in  a  finely  divi<lcd  stale 
with  fluorspar  and  bisulphatc  of  potath,  it  imparta  a  brighter  red  colour  to 
the  blowpipe  flame.  It  is  not  acted  on  by  acids.  Spoijumeue  exposed  in 
a  ch.orcoal  crucible  to  the  heat  of  a  bhi«t-fumaGe 


I 
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ghi 
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resists  tUo  action  of  acids;  with  au  equal  weight  of  carlxtnale  of  lime,  it 
jields — without  any  loss  of  lithia  by  volatilization — a  transparent  glass 
wLicli  in  perfectly  decomposed  by  acids.  (Berthier.) 


At. 

N»0 

LiO 3 

Mn^W 

Fe=0>   

Al^O"    4 

SiO»... 15 

HO  


Spodument. 
43-2  6-05 


205-6 
4650 


28-80 
6515 


Stromejer. 

5-63 

0-20 

0-79 
28-78 
63-29 

0-77 


Regonult, 
6-76 

2-83 
25-34 
65-30 


Higen. 
2-C8 
3-84 

0-32 
27-02 
66-14 


1 


713-8       10000 


99-46 


100'23 


10000 


Assuming  the  formula  to  be:  3LiO,  4A1'0',  16SiO',  calculation  would 
give  5-8  per  cent,  of  lithia,  27 '0  of  alumina,  and  66-6  of  silica. 

y.  PelaliU.—l NaO,  2LiO,  4 Al'O',30SiO'  =  NaO,  2SiO'  +  2(LiO,2SiO«) 
+  4(A1'0',  6SiO').  Belongs  apparently  to  the  doubly  oblique  pris- 
matic system.  Presents  two  planes  of  cleavage,  one  more  and  ono 
less  distinct,  and  intersecting  each  other  at  an  angle  of  14 1^'^.  Specific 
gravity  from  2-4  to  2-44.  Rather  harder  than  felspar.  Resembles  that 
mineral  in  oxtctnnl  appearance;  but  fuses  readily  and  tranquilly  to  a 
turliid  and  rather  blistered  glass,  imparting  ut  the  same  time  a  red  colour 
to  the  blo\v])ipc  tlanip,  especially  when  ujixcd  in  the  stato  of  powder  with 
fluorspar  and  bi,siiI|)liato  of  potash.  Not  decomposed  either  by  hydro< 
chloric  or  by  sulphuric  acid,  even  after  ignition. 


At 

Pflalile. 

Uagen. 

C,  Gmelin,  Arfvedson 

N.O 

...      I    ... 

31-2 

2-61 

2-30> 
2-69/     •• 

5-16}  ....       5-76 

LiO 

...       2     ... 

28-8 

2-41 

c«o  

, 

0-32    .... 

Ar-(>>  .... 

...       4     ... 

205-6 

1719 

..      17-20 

17-41     ....     17-22 

SiO-' 

...     30     ... 

9300 

77-79      . 

77-81 

74-17    ....     792« 

HO 

2-17     „.. 

1195-6       10000 


10000 


99-23 


102-19 


T  Breithaupt  {Pogg.  69,  441)  describes  a  mineral  containing  lithia 
which  greatly  resembles  Stilbilo  or  Hculandite  in  appearance.  He  has 
given  it  the  name  of  Zygadite,  from  ^vyairtt  (occurring  in  |>airs).  It  is 
found  near  Zellerfeld  in  the  Hartz,  accompanied  by  quartz  and  very 
sninll  rhombohcdral  crystals  of  chabasitc.  It  has  a  vitreous  lustre;  the 
fr.ictured  .'urfaccs,  however,  have  a  lutitre  between  that  of  glass  and  that 
of  mother-of-pearl ;  its  colour  is  reddish  and  ycllowii-h  white  ;  sometimes 
feebly  tmnsluccnt,  but  generally  quite  opuquo  or  turbid.  Primary  form, 
a  rhombic  prism  of  about  1.36'  and  44";  has  a  distinct  plane  of  cleavage, 
and  its  frncluro  is  uneven.  Harduess  from  7  to  7J,  being  somewhat 
greater  than  that  of  scapolite.  Contains  lithia,  alumina,  and  silica;  but 
the  proportions  have  not  been  determined.  Chemically,  it  is  allied  to 
Pelalito  and  Castor.  IT 

i.  Gumondint,  Zcagonitf.—\ KO, 2CaO. 4A1'0",  llSiO',  15Aq.  =  KO, 
SiO'  +  2(CaO,  SiO')  +  4VAr'0\2.SiO')-fl.';Aq.  Resembles  harmotome  in 
tlio  form  of  its  crystals.  Specific  grnvity  =  2-18.  Dissolves  readily 
and  completely  in  hydrochloric  acid,  yielding  a  biliceoua  jolly  on  evu 
mlioD. 
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SILICIUM. 

At. 

Girmondine. 

KO  

1 

47-2          602 

CO 

2 

560          713 

APO«  

4 

205-6        26-20 

ao« 

..       11 

3410         43-4S 

HO 

...       15 

135-0         17-20 

KobelL 

6-88 

r-60 

25-77 

4272 

17-66 


1 


781-8       100-00 


100-03 


•.  LeonhardiU. — CrysUlline  system,  the  oblique  prismatic.  Fi^f.  91c 
w  :  u'  =  83^  30';  i  :  u=  114";  cleavage  distinct  parallel  to  ii;  iudistinc 
parallel  to  i.  Translucent,  wliite,  and  of  a  pearly  lustre.  Effloresces  ifl 
tlic  air.  When  boated,  it  evolves  a  considerjible  quantity  of  water,  swell) 
np  and  fuses  witii  iutuincscenco  to  a  wbitc  enamel.  With  borax  it 
forms  a  tnmsparcnt  glass.  Dissolvcji  readily  iii  hydrochloric  acid.  (Blum, 
jPteudomorphoten,  104.) 

At.                    I^mnkarditt.  Delffa. 

C«0 3  ....           KHO           9-40  ....  9  25 

Al^W  4  ....  205  6        23-01  ....  22-98 

SiC 16  ....  496-0        55-Sl  ....  .^613 

HO  12  ...  1080        12-08  ....  11-64 

1      ....        893-6      10000        ....      10000 

(SC«0,  4SiO=)  +  4(A1'0»,  aSiO')  +  12Aq. 

f.  Hartnolome,  Cross-stone. — Crystalline  system,  the  right  prisraatH 
Rectangular   prisms  (<  and  »i  faces),  with  four-sided  summits  (a-faces), 
resting  on  the  lateral  edges;    cleavage  distinct,  parallel  to  t  (the  narrow 
lateral  face);  less  distinct  parallel  to  m;  the  crystals  are  generally  iuser 
crossways  into  each  other.     Harder  than  fluorspar.     Before  the  blovrpif 
it  gives  off  water  and  fuses  to  a  transparent  glass. 

1.  Potath-hamiototnf,  Calcareout-harvwtovie,  or  PhUUpsile.  —  IKO, 
2CaO,  4AP0^  15SiO^  18Aq.  =  KO,  SiO'+  2(CaO,SiO=)  +  4(Aro\3SiO') 
-f  18Aq.  Specific  gravity  from  2-16'  to  2-17.  Lo.ses  water  before  the 
blowpipe,  swells  slightly,  and  then  fuses  to  a  translucent  glass.  It  ia, 
earily  and  completely  decomposed  by  hydrochloric  acid,  with  eeimratii 
of  gelatiuoos  silica. 


At. 

KO 1 

BaO 

CiiO 2 

Fe'Oi  .... 

AI'O'  „..  4 

SiO= 15 

HO 18 


Pulaah-harmolone.       Ahnmit. 


Wcmekink.    L-Ginelin. 


Kolilcr. 


47-2 
56-0 


5  04 
5-99 


205-6  21-97 
4C5-0  49-69 
162-0       17-31 


6-41 

0-46 

5-91 

0-41 

20-00 

48-36 

17'09 


Mtirburg, 

6-33 

6-26 

0-99 

21-76 

48-51 

17-23 


Marbury. 
3-95 

6-50 

21?8 
.50-44 
16-81 


1 


935-8     lUOOO 


98-64 


101-08 


99-48 


100-32 


2.  Batyta-Jiarmotonu!.—3BaO,  4AP0',  ISSiO',  18Aq.  =  3(BaO,  2SiCn 
+  4(A1'0',  3.SiO»)+18Aq.  Specific  gravity  from  240  to  2  43.  Whei 
finely  pounded,  it  is  perfectly  docompoted  by  hydrochloric  acid,  thoogi 
with  diflBoulty,  eilica  being  separated  in  the  pulverulent  titale. 
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Rarameltbcrg.  Connell.  Kdhler. 

At.  Baryta-harmotamt,  Andreaibctg.  Mronfam.  Obenltin. 

KO&NaO              ....  ....  ....  1-72     ....  110 

BaO 3     ....  229-8       19-89       ....  19-22     ....  2085     ....  19  12 

CaO ....  ....  ....  O-IO    .... 

Fe-°0> ....  ....  e-M     ....  1-10 

A130»  ,      4     ....  205-6      17-79      ....  17'8S    ....  15-24     ....  1654 

SiC 18     ....  558-0      48-29      ....  48-74     ....  47-04    ....  46-66 

HO 18     ....  1620       14-03       ....  14-66    ...  1492     ....  1525 

1     ....       1155-4     100-00      Z     100-27     ....  10011     .«,    99-76 

n.  Breti)itente.—3{Qti,0:  SrO;  C»0),  4AF0',  ISSiO',  15Aq.  =  3([BaO; 
SrO;CaO],2SiO')  +  4(Al'b',  3SiO')+ loAq.  Crystalline  system,  the 
oblique  prismatic.  Primary  form,  Fig.  81,  with  the  faces  a,  u,  u^,  t, 
""  1(1  other  lateral  f.ices;  the  aoffle  between  a.  anJ  a,  anJ  the  angle  between 
anJ  u  =  03^  40';  a'  :  <  =  !>3'  30';  m'  :  u  =-  131^;  u  :  t  =  iW  30; 
oleavago  parallel  to  t.  (Brouke.)  Specific  gravity  from  2-12  to  2-2, 
(Brewster.)  Transparent  and  colourless.  According  to  Connell,  it  is 
out  imperfectly  decumposcd  by  hydrochloric  acid. 

ConneU. 
At.  Sttv>tterile.  Stnaliuu 

N«0. „..  ....  ....  trace  J 

B»0 2      ....         153-2  718        ....  675  I 

SrO  3      «..         156-0  7-31         ....  832  I 

CaO  1       ....  -28-0  1-31  ....  1-35  I 

Fe'C  ....  ....  0-29  1 

APO»  8      ....        411-2        19-26        ....        \7-i9 

Sia> 38       „..       11160        52-29        ....         53-67 

HO  „       30       ....         270-0         12-65         ...         12-58 

~1       ~       2134-4       10000         Z       100-45 

e.  ffevlandiU,  Lnmell^  ZeolUf.  —  3Ca.O,4A\'0'',2lSlO', 20 Aq.  = 
3(CaO,  3SiO')  +  4(Al»0',  3SiO')  +  20Aq.  Primary  form,  a  right  rhomhio 
uniftn:  w'  :  u  =  129°  .50'.  Resembles  stilbitc.  It  is  readily  dccomposeJ 
by  hydrochloric  acid,  the  silica  being  separated  in  the  form  of  a  vLsctd 
jM)W(ior. 

At.  Htulandite.  Rammclaberg;.  Walmstedt.   Thomson. 

C»0 3      ....  84  0  7-49      ....      72    ....      7-13    ....      7-65 

W0«  ....  ....  ....      0-20    .... 

APC   4       ....         205-6         18-35       ...     176     ....     17-08     ....     17-92 

«0» 31       ....         651-0         58-09       ....     58-2     ....     6007     ....     5914 

HO 20       ....         180-0         1607       ...     16-0    ....     1510     ....     1540 

i       Z.       1120-6       10000       ....     99-0     ....     99-58     ....  100-11 

^  k.   Two  atoms  of  stronger  hate  to  Oiree  atomt  of  alumina.  I 

Z)^*rtnft«.— 2(2MO.SiO')  +  3(2AI'0',SiO')  +  4HOj  or,  2(4MO,3SiO'y 
-f  3(4Al-0*,3SiO')  +  8HO.  A  miiieml  occurring  in  the  cmeriild  mines 
of  tho  I'ralian  mountains,  toi|;cthcr  with  ememld,  cymoplinnc.  and  pho- 
oakito,  OH  a  brown  mioncuous  slate.  Forma  regnlar  wix-siiicd  priemiJ, 
Willi  a  distinct  plane  of  clcavnge  at  right  angles  to  the  priticipul  axis. 
The  [irihuis  ajipear  blue  and  tninB])Bn.'nt  ou  one  side,  and  have  a 
vitreous  lustn?;  on  the  cleavajtP-faccs,  however,  tho  mineral  appears 
wliifi-  and  opniiuo  when  in  tolerably  illicit  lamina*,  and  has  a  nioth«;r-<if- 
ii<-:irl  liiBtrt*.  ItH  namo  is  derive-l  from  this  iieculiHrily  {i>  and  ^an^). 
H»rdne«>!   from  5  to  5*5;  very  brittle;    apeeiQo  gravity  3'04  to  307, 
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Wben  heated,  it  acquires  a  darker  colour,   emits  a  bnmt  odoar, 
deposits  moisture  on   the  sides   of  the  glass.     Before   the  blowpipe 
becomes  opaque,  swells  up,  exfoliates,  auii  fuses  in  the  inner  flame  to  a 
smooth  enamel.     With  borax  and  niicrocosmic  salt,  it  readily  yields 
clear  glass  which  acquires  a  yellowish  tinge  on  coolingj  with  the   latti 
salt  also  a  skeleton  of  silica  in  left  undissolved.     With  a  small  quantitl 
of  carbonate  of  soda,  it  yields  a  blistered  glass  which  is  dark  on  the  sul 
fac«;  with  a  larger  quantity,  an  infusible  enamel  slightly  coloured 
oiaugaucse. 


At. 

CO 1 

FcO >  4 

MnO   J 

Al'O"  6 

SiO> 5 

HO 4 


•■{ 


Diphanite. 

Jewreinoff. 

896         1311 

1311 

21-6          304 

302 

7-2           1-13 

105 

308'4         44'33 

43  33 

2325         33-21 

34  02 

360          518 

5-34 

1 


695-3       100-00 


99-87  t 


I.  One  atom,  of  stronger  hose  with  from  2  to2\  alonu  of  ctlumi* 

To  this  division  appear  to   belong  PoonalUe,  Jioteltane,  Polyargiti 
GujantolUe,  Rotile,  Oncotine,  and  PyrophyllUe. 

IT  Castor  and  Pollux. — Two  new  minerals  closely  allied  to  each  otlierj 
discovered  by  Brcithaupt,  and  further  examined  by  Plattner  {Pogrj.  C 
43fl  and  443).      Foun(l  in   the  granite   of  the  island  of  Elba. — Castor, 
LO,  SiO'  +  2(Al-0',  2SiO')  has  a   high  glassy  lustre,  is  transparent  an 
colourless,  and  biaxial.     Primary  form,  a  modified  rhombic  prism  not 
before  observed.     Hardness  between  8|  and  8J,  or  rather  greater  than 
that  of  adularia.     Specific   gnivity  2-.39.     In   the  direction  of   its  two 
planes  of  cleavage,  in  hardness,  and  in  clensity.  Castor  somewhat  resembles 
potalite.     Heate<l  in  a  test-tube,   it  neither  changes  in  appearance  nor 
gives  off  water.     When  heated  in  thin  laminaj  before  the  blowpijie,  it 
fuses  with  difiiculty,  yielding  a  transparent,  colourless  bead;  imparts  an 
intense  carmine  colour  to  the  outer  fl:ime.    When  powdered,  itdis»olvi<s  in 
borax  with  tolerable  facility,  forming  a  glass  which  i.s  yellowish  while  hot 
but  colourless  when  cold.     In  niicrocosmic  salt  it  dissolves  in  a  similar, 
manner,  with   the  exception  of  a  ])ortion  of  silica;   the  glass  becon\< 
opale.sccnt  on  cooling.     With  carbonate  of  soila,  it  effervesces  and  yici 
a  clear  colourless  bca«l.     The  finely  divided  mineral  moistened  with  sol 
tion  of  cobalt  and  exposed  to  the  ontcr  flame  on  charcoal,  is  colourei 
blue  where   comjileto   fusion  takes  place.     It  is   scarcely  attacked   by 
hydrochloric  SLc\i\.— Pollux.   3(K0,  SiO^)+  3(NaO,  SiO')  +3(AP0»,  SiO') 
+  2H0.     Lustre   and   other   physical   characters   like   those   of  Castor. 
Its  fonu  is  greatly  broken  and  roscmblos  that  of  Castor,  excepting  thai 
tlio  edges  are  less  acute,  and   frecpiently   oven  rounded   like   those 
hyalite.     Fracture  conchoidal.     Cleavage    scarcely  perceptible,   if  any, 
Heated  in  a  glass  tube,  it  evolves  water,  and   loses  its  transparency, 
so  that  it  appears  opalescent  when  cold.     Before  the  blowpipe  it  becomei 
white,   and — when    in    thin    lamintc — rounded  at  the  edges,   the    fused' 
portions  resembling  a  blistered  enamel;  colours  the  outer  flame  reddish- 
yellow.     Dissolves   readily  in    borax  and   niicrocosmic  salt,  forming  a 
transparent  glass  similar  to  that    formed   by  Castor.     With  carbonate 
of  soda,   it  effervesces  and  yields  a  clear  bead,  which,  if  fused   with 
a  iar^r  quantity  of  the   carbonate,   sinks   almost   wholly  into   tho 


I 
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charcoal,  leaving  only  a  Bmall  opaque  bead,  which,  if  similarly  treated,  ia 
coiniiletfly  ahsorbeU.  Hyilrocliloric  acid,  with  the  aid  of  heat,  decom- 
pose*  it  perfectly,  tLo  silicii  being  separated  in  the  state  of  powder. 


At. 

Catlor. 

PUttuer. 

At. 

Pollur. 

Plattner. 

KO  

•                     •- 

..    3    . 

...  u\a    17-20 

...     16-51 

N«0 

. 

..    3    . 

...     93-6     11-391   . 

...       JQ.47 

U)  

.     1     .. 

Hi       2-71    . 

..      2-76    . 

APO*   .. 

.     2     . 

.     102-8     19  29   . 

..     18-86    . 

..    3    . 

..  154-2     18-74     . 

...     16-39 

Fc-'O'   .. 

,                     , 

..      0-61     . 

...       0-86 

SiO» 

.     b    .. 

.     232-5     78-00   . 

..     78-01     . 

..    9    . 

...  418-5     50-49 

..     4A-20 

HO 

• 

..    2    . 

..     18-0       2-18     . 

...       232 

1     .. 

.     Zi9-7  100-00    . 

..  100-24     . 

..     1 

.,  825  9  100-00 

...     92-75 

The  formultc  for  these  two  minerals,  supposing  silica  =  SiO',  are 
respectively:    2L0,  3SiO'  +  4(Al=0',  3SiO')    and  3(K0,  |SiO»)  +  3(NaO, 

JSiO')  +  3(Al'0',  ^S10')  +  2H0.  The  loss  in  the  analysis  of  Pollux, 
'lattner  could  not  account  for,  as  he  found  neither  chlorine  nor  fluorine  in 
mineral.  (A  roj>eiition  of  the  whole  process  was  impossihlo,  on  account 
of  the  email  quantity  of  the  mineral  obtained.)  Pollux  a])pear8  to  con- 
tain a  larger  qu.intity  of  alkali  than  any  other  Known  mineral.  IT 

m.  One  atom  of  itronger  base  witli  3  aionu  of  alumina. 

Biaxial  or  Potash-mica. — Crystalline  syst«ni  the  oblique  prismaticj 
oblique  rhombic  and  short  six-sided  prisms;  u' :  u=  119".... 120°;  cleaves 
Tcry  readily  parallel  to  i,  in  tbin,  clastic  laminic.  Sp  gr.  from  2-8  to 
30;  hardness  between  gyjisuni  and  calcareous  spar.  Transparent; 
biaxial  in  polarized  light;  colourleB.>i  or  light-coloured  with  metallic, 
peiirly  luttro.  When  richer  in  fluorine  it  loses  lustre  by  ignition,  a  small 
quantity  of  water  and  generally  also  of  hydrofluoric  acid  being  evolved, 
fuses  with  variable  degrees  of  tacility  to  a  turbid  glass  or  a  while  enamel. 

rzelius.)      Nut  decomposed  either  by  hydrochloric  or  by  fiulphurio 

The  formula  appears  in  general  to  be  KO,  3AP0',  6SiO'=  (KO,  3SiO') 
-}-3(AP0\  SiO-').  A  portion  of  the  potaish  is,  however,  replaced  by  lime, 
protiixidc  of  mangauexe,  and  protoxide  of  iron,  and  a  portion  of  the 
alumina  by  the  sonquioxide  of  iron,  manganese,  or  chromium.  The 
mica  aUo  contains  small  variable  qunntitie^  of  metallic  fluorides  and  of 
water;  but  it  has  not  been  ascertained  whether  these  substances  are  essen- 
tial constituents  of  the  mineral  or  merely  accidental  admixtures.  Tho 
following  calculations  of  a  few  analyses  are  given  in  confinnalion  of  tho 
above  formula. 

II.  Rose. 


At. 

Biiuial  Mira. 

Ct<'>ii. 

Kinito. 

KO 

...       5       .. 

236-0 

1009 

9-60 

9-22 

KcO 

...       1 

35-2 

1-50 

•0-90 

^ 

Fr»()»  .... 

...       1 

78-4 

3-35 

3-20 

4-54 

APO*  .... 

...     17 

8738 

37-36 

37-20 

36-HO 

('i(y 

...     3C 

1116-0 

47-70 

47-50 

46-36 

F-0  .... 

,. 

0-56 

077 

HO 

• 

2-63 

1-84 

1 

2339-4 

10000 

101-59 

99-53 
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1 
ISO 
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1 

H.Rom. 

Svttbtit. 

At. 

>rad4lio. 

KO  

3      .„ 

141-6 

B-90 

8-39 

»••• 

8)1 

FeO 

1 

352 

2-21 

•1'40 

♦1«7 

Pe»(V    , 

2      .. 

156-8 

9-85 

8-65 

5-37 

Al»0»   .. 

10       ... 

&140 

32-29 

31-60 

32-35 

SiO' 

24       .. 

744  0 

46-?5 

4C10 

.... 

47-97 

F-O  ,. 

.... 

112 

•*•• 

0-42 

HO 

100 

3-32 

1 

1591-6 

100-00 

98-26 

H 

.Rom 

99-41 

At. 

Fihlna. 

OeMA 

KO  

2      .. 

94-4 

802 

8-22 

.... 

8-35 

FeO 

1      ., 

.15-2 

2-99 

•2-11 

.« 

•2-58 

FeW  .. 

\      .. 

78-4 

666 

604 

4-47 

APC  .. 

• 

411-2 

34-93 

34 -sa 

83-80 

SiC 

..  .,     18      .. 

6&8'0 

47-40 

46-22 

47-19        1 

P-0  .. 

1-09 

••• 

0-29      1 

HO 

• 

" 

0-98 
trace 

407 

TiO» 

CuO 

013 

\      .. 

1177-2 

10000 

9H  18 

.... 

100-88     ■ 

SchaffhttuU.            1 

At. 

F^ehtile. 

Chrome-mlct, 

KO 

ao 

9440 
.11-2 
6U-0 

10-03 
0-33 
0-64 

10-75 

0-37 
0-71 

t'f 

7-27    - 

NaO 

1 

117  1 

Ci5o»  '.'. 

3      ,. 

11  mI 

5       .. 

4010 

4-25 

3-95 

V»}| 

Fe»0«  .. 

3       ,. 

235-2 

8-49 

1-80 

(•7t| 

A1"0> 

64 

3289-6 

34-90 

S4'45 

15-13] 

8iO« 

144 

44640 

47-3; 

47-95 

47  68  1 

C«P 

, 

0-78 

IM. 

traen  1 

Mn'O".. 

, 

«•»• 

.!»» 

1-1«   1 

HO  



.... 

2-87    ' 

94250       100-00 


100-76 


98-51 


The  numbers  marked   with   an   asterisk  signify   Mn'O'  in   Roae'a 
knolyaea,  and    MnO  in  those   of  Svanberg.  —  In  FucAtitt  or  CAron 
mica  n  portion  of  tlio  alumina  is  replaced  by  seaqnioxiilc  of  chromiu 
1  ScliairUautl  Rives  for  FucJuUe  the  formula  3«(3KO,  SiO')-f-2(3N)i 
SiO')+300(ATO',  SiO')  +  24(Cr'0\  3SiO0  +  l8(MjjO,  Si0')  +  12( 
8SiO»)  +  8CaF^  B.t\d  (or  cAiome-tiUcn  4(K0,  SiO')  +  NaO,SiO'-f  4(1 
SiO»)+2Cr'0»,  8SiO^  +  7{2MgO,  SiO')  +  2iVU^  aSiO'  +  |M'0»,  it 

alio. 

Soliaffiiiiutl  (Anti.  I'harm,  46,  323)  describes  FuoLsite  as  being  fooud 
in  compact,  scaly,  and  likewise  regular  slaty  masses,  frequently  accurupa- 
nied  by  pure  quartz.  Specific  gravity  =  2-86;  hardness  lietween  gypsum 
and  rock  salt ;  colour  emerald  green,  passing  into  dull  yellow.  \Vith 
soda  before  the  blo\i'pipc  it  swells  up  and  fuses  to  a  yellowisb-brown  glo- 
bular slag,  which,  after  continued  exposure  to  the  flame,  acquires  a  dull 
green  colour,  and  is  slightly  affectod  by  the  magnet.  In  borax  it  is  dis- 
solved slowly,  forming  a  clear  head,  which  is  yellow  while  hot  (from  the 
presence  of  ferric  oxide),  but  when  cold  nssunies  a  fine  yellowisb-grccn 
colour  duo  to  the  ohromium.  Microcosmic  salt  dissolves  the  niinaral 
readily,  fonning  a  bluish-green  glass  when  cold.  It  resists  the  action  of  all 
lu-ids  excepting  the  hydrofluoric.    Chroiiu-mica  closely  resembles  nniAxial 


MARCARODITE,  KEPmilTE,  BAULITE,  PHILLIPSTTE. 


431 


F'lnica,  but  has  a  duller  preen  colour;  it  is  easily  bent  between 
flngers  like  chlorite,  and  in  friable  in  small  nieoes;  specific  gravity 
1'75  at  4°.    Before  the  blowpipe  it  fuse*  only  wLen  in  very  tliin  ticalos; 
iirger  pieces  are  merely  rounded  at  the  e<lgc8.     ^  ith  borax  and  micro- 
osniic  salt  it  yiebls  a  li«autiful  enionibl-green  bead;  it  is  perfectly  decom- 
posed by  acids,  CHpecially  by  liydroclilorio  acid. 

SchatThiiutl  haa  likewise  examined  the  following  minerals,  which  arn 
Hied  to  biaxial  mica: 

ParagoniU  (Talc-»late,  Hardmed  Tale,  Mica- slate).— Z4{AVO\SiO') 

+  9(NaO,  SiO")  +  (Fe'O',  3SiO').     Specific  gravity  =  278  at  r .     Some- 

iWhat  harder  than  rock-salt;  easily  scrapen  witli  a  knife;  of  a  yellowish 

ad  greyish-white  colour ;  glittering;  translucent  at  the  comers;  slightly 

nctuous  to  the  touch.     Does  not  change  in  the  blowpipe  flame.     Borax 

issolves  it,  fonning   a  clear   glass.      With   microcoMnic  suit    it  leaves 

opaque  skeleton  of  silica.     Solution  of  cobalt  colours  it  blue.     It  is 

Hot  aotfd  on  by  acids. 

Jfar,/aroitile.     (ifarffai-itf,    Hardened     T<de.)—i2(nA\'CP,   2SiO')-|- 
rpO,'2SiO=)-|-Po'0",  3SiO'+G(NaO,  aiO')  +  8(KO,SiO').     Dull  green, 
psMiDg  into  bright  green  ;  rarely  occurring  in  finograiued  laminro,  in 
jrbicb  case  it  much  resembles  mica.     Specific  gravity  =  2-87;  hardnesi 
(ween  rock-salt  and  calc-spar;  easily  pulvoriied;  slightly  translucent  at 
be  edges.      It  has  suinolimes  an  opalescent,  sometimoH  a  mother-of-pearl 
lustre.     In   fiue  laminte  it  fuses  before  the  blowpipe,  emitting  a  vivid 
ibt  and  yielding  a  white  enamel.     With  borax   it  yields  a  colourless 
Mierocosmic  salt  dissolves  it  in  a  similar  manner,  with  separation 
IjriUok     Solution  of  cobalt  partially  colours  it  faint  blue.     Aoids  have 
j>tiblo   action   on    it.      Margarodite   forms   the   matrix  of   the 
tourmaline   from    the    Zillerthal,  and  wus  probably  regarded  Uj 
ordinary  talc. 

A>AWM— [21(2MgO,  SiO') -H 3(CaO,  2SiO'),  i(KO,  SiO')]-|-[AI'0', 
|SiO»+Fe=OS  6SiO^  +  ^(Mn'0^  2SiO')].— Dense,   with    dull    splintered 
oture ;    appears    of   a    dirty   ytdlowish-greon   colour   by   transmilt 
Jt.     Take^i  a  very  good  polish  and  scratches   glass.      Very  dillioulM 
br««k.      Speoific  gravity   2-96  at  i",    (Schafl'biiutl,  Ann.  fharm. 

9,  am.) 

Baulitt. — DoscriWd  byForchhammer  as  occurring,  mixed  with  quarts, 

the  Banla  Mountain   in  Iceland.     According  to  the  snnio  authority  it 
I  the  hydrate  of  nn  uiikuowu  felsjiar,  in  which  the  quantity  of  oxygen  in 

bases  MO  is  to  tbnt  of  the  alumina  and  silica  as  1  :  3  :  IN  or  1  :  3  :  90. 

•talline   system   the  oblique   prit-matic;  cleavage  iiidixtinot ;  fmcturo 
seven,    inclining    to    the    conchoidal ;    hurdncM    between    5'5    and    0. 
ncifio  gravity  2-050  at  0".      Transparent   and  colourless,    somolimea 
unelucont,   and   with  a  glassy   lustre.       Yields  colourless  glasses  with. 

IX  rind   microco«niic  salt;  in   the  latter  case,  a  skeleton   of  silica  lt| 
Bpnriitod.     The  itiiiierul  \»  insoluble  in  hydrochloric  acid. 

P/tillipnte. — Found  near  Marburg.     White  passing  into  yellow,  and 
gliijitiv  lustre.      Frequently  occurs  in  intersecting  maclo-crj-stals  com- 
td  of  an  obliijuc  prism,   ami   a  rogului   octuhcdron.    (Geulh,  Ann. 
•frt.  00,  270.) 


2o2 


■' 

^^ 

4si 

8ILICIUM. 

I 

SoUffliliat!. 

FonMammer,  Genth. 

Paragonile, 

Marjarodilt. 

t:ephrile. 

BauliU. 

PkilUpnIt. 

KO 

"..    8'45  r 

7-96       .... 
4-07       .... 

0800       .. 

12  151  ;. 

4-92 
2-26 
0-9S 

'"* 

6'fil 

N«0 

0'63 

c«o    .».. 

697 

B«0 

.•                                             .1. 

,„, 

, 

.... 

tncc9 

A^  Z'. 

1-95       .... 

22-387       .. 

tncea 

J 

35-90      ... 

34-90       .... 

1-564 

1208 

•  •*■ 

nil  1 

MnK)» 

_ 

0-828      .. 

tncca 

0-241 

F«K)»  

2-36       ... 

1-50       .... 

2-811 

„ 

1 

i_       ao» 

50-20       ... 

4705       .... 

58-885 

..       50-23 

48iri 

^B          HO 

2-45       ... 

1-4.S 

0-268 

i6-e2 

I 


99-36 


98-88 


99'6a4 


70-44 


1U0-3J 


n.  One  atom  of  itronger  bate  teith  4  atomt  of  alumina. 


Many  varieties  of  Agalmatoliu  appear  to  consist  of   KO,  3SiO'+ 
4(A1*0*,  2SiO')  +  3Aq.;  the  potash  being  partially  replaced  by  lime. 


KO 

c»o 

At. 

1 

4      '.'. 
11 
3 

AgalmaloHle. 
47-2           7-60 

.".       205-6        33-12 

341-0        54-93 

27-0           4-35 

Vanquelin. 
YtUoK. 
7       .. 
2 
1 
....       29      .. 
....      56 
5 

Klnproth. 
Gretnuh  -while. 
6-25       .... 

"..        0-75       'Z 

3400       ... 

..       54-50       .... 

4-00       .... 

3M 
Jtti. 
5-» 
2-00 

Fi»0«  

APO»  

so» 

HO  

1-2^ 

31-00 

55-50 

SCO 

1 


620-8       10000 


100 


99-50 


10000 


D.     CoMPOtJNDB    OF    DOnBLE   SiLICATE    OF   AlCMINA    AND    AX0TU8R 

BABc  WITH  Carbonates,  Bouates,  ur  ScLPHATEa,  ob  with  xstallic 

fiuIiPBIDES,    CULORIDES,    OR    Fll'ORIDES. 

a.  Comhinatiom  with  Carbonate*. 

Cancrinite. — According  Ui  Broithaupt  this  mineral  is  identical  wi| 
Dat-yne.— 5NaO,  oAl'O',  1  lSiO»,  2(CaO,  CO')  =  one  atom  of  Elaeolite  + 
2  atoms  of  carbonate  of  lime. — Dense;  cleavage  parallel  to  the  faces  of  a 
regular  six-sided  prism.  Specific  gravity  =  2-453.  Before  the  blowpipe 
it  gives  a  white,  blistered  glass.  Dissolves  in  hydrochloric  acid  with 
violent  effervescence  and  formation  of  a  jelly.   (O.  Hose.) 

IT  Whitney  [Poi/g.  70,  443)  gives  the  following  particulars  relating 
to  the  cancrinite  obtained  from  LilcLficId,  in  the  State  of  Maine,  U.  i. 
Hardness  5-5  to  6.  Specific  gravity  :=.  2-448;  lemon-yellow  or  sulphur- 
yellow  sometimes  also  greenish;  of  a  vitreous  lustre  at  the  fractured 
enrfaoes,  and  of  an  unctuous  appearance  in  the  other  parts;  tranapareut  or 
tranHlueent.  When  heated  it  gives  off  water,  and  instantly  loses  its  colourj 
at  a  red  heat  it  becomes  white  aud  opaque.  Before  the  blowpipe  it  fuses 
with  considerable  effervescence,  and  yields  a  transparent,  colourless,  and 
blistered  glass.  With  soda  it  yields  an  opaque  bead  coloured  by  m: 
ganese.  Borax  and  microcosmic  salt  dissolve  it;  in  the  former  case 
transparent  glass  is  produced;  in  the  latter  a  glas.*!  which  becomes  mil 
when  cold.     With  solution  of  colialt  it  gives  a  splendid  blue  colour. 

Amphilogile   or    Didrimite. — (Tiilc-slate  ) — 12(CaO,  CO')  +  5(2.*  "'^'' 
SiO'')+4(Fe'0',  3SiO')-f6(KO,  SiO^)-(-NaO,  SiO',  or  (silica  =  - 
24(CuO,  CO=)+5(4AI'0»,  3SiO')  -|-  4(2Fe'0',  l>SiO')4-e(2KO,  3S 
2NuO',  SiO=.     From  the  Zillerthal  in  the  Tyrol.     Crystalline;  of  dc 
scaly  texture;  slaty  when  in  large  masses.    Specific  gravity  =:  2-7o  m  j 
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Scarcely  harder  than  gypanm;  easily  scratched  by  the  nail;  very  friable, 
and  unctuous  to  the  touch  when  pulverised.  Colour  greenish  white; 
lustre  Boinewhat  like  that  of  mother-of-pearl;  translucent  at  the  edges. 
A  small  fra^Tiient  fusea  before  the  blowpipe  with  vivid  light  and  yields 
a  white,  onamel-like  bead.  Borax  dissolves  it  with  difficulty,  fonning 
a  clear  glass,  which  is  ycllowij-h  while  hot,  from  the  presence  of  iron. 
With  microcoamic  salt  it  effervesces  and  then  dissolves,  leaving,  how- 
ever, a  skeleton  of  silica.  Solution  of  cobalt  imparts  a  fine  blue  colour 
to  it  Elfervescea  strongly  with  hydrochloric  acid.  (Schaffhiiutl,  Ann. 
Fharm.  46,  325.)  T 

Whitney.  G.  Rose.   SrhotThiiutL 

>'mu  Litrhflcld. 
At.  Conerinile.  I'eltow.         Grte».  Amphilogite. 

KO ....       0-67     ....       0-50  ....       0-82     ....     1116 

NiO 5     ....     156       18-27     ....     2098     ....     20-46  ....     1766    ....       123 

Al«0»  ....       6     ....     257       3009     ....     27-70    ....     27-56  ....    28-24     ....     18-15 

'••O* ....      tr»c«l  ..,-  ....  ....       5-25 

SIC 11     ....  341       39-93     ....  37-42  ....  3720  ....  40-26     ....     4069 

C»0 2     „..  56         6-56     ....  391  ....  6-26  ....  6-341           „„.,. 

CC 2     ....  44         5-15)  „,,  .„  ....  6-38/  •••     *^^* 

BO /  ■  -  ^  "  "  -  '^**  ....  ....       0-61 

CI .„.  „.,  tnce  ....  trace 

1     ....     854     100-00    ....  100-31     ...  100  45     ....     9970     ....     9983 

h.  Combinations  with  Borates. 

a.  Aximle.—G{CtiQ;  MgO;  MnO;  FeO),  2(Fe'0';  APO"),  8SiO',  1B0> 
=  iUCaO;  MgO;  MnO;  FoO),  SiO']-|-2((Fe'0";  Al'O'),  2SiO']+(2CaO, 
BO'). — Crystalline  system  the  doubly  oblique  prismatic.  Fig.  124,  125, 
and  other  forms;  y  :  »  =  135  ;  .v  :  "  =  13G°  14';  v  :  u  —  11 G  54'. 
(Hauy.)  Specific  gravity  =  3-294  ;  harder  than  felspar.  When  fused 
iu  a  crucible  it  does  not  lose  weight,  but  its  .specific  gravity  is  reduced 
from  3-294  to  2-815.  (Rammelsberg.)^Swells  up  before  the  blowpipe, 
and  fuees  to  a  dark-green  glass,  which  becomes  black  in  the  outer  flame, 
iu  consequence  of  the  manganese  passing  to  a  higher  degree  of  oxida- 
tion. Dissolves  readily  iu  borax,  forming  a  glass  which  is  coloured  by 
iron,  but  takes  an  amethyst  colour  iu  the  outer  flame;  with  microcosmio 
salt,  the  same  colour  is  produced  and  an  insoluble  skeleton  of  eilicft 
separated.  With  carbonate  of  soda  it  first  becomes  green  and  then  fuses 
to  a  black  gloss,  having  almost  a  metallic  lustre.  (Berzelius.)  Mixed 
with  fluorspar  and  bisulphate  of  potash,  it  colours  the  blowpipe  flame 
green.  (Turner.)  In  the  native  state  it  almost  wholly  resists  the  action  of 
acids;  but  nfter  fusion  and  pulverization,  it  is  perfectly  decomposed,  with 
formation  of  a  jelly.  (Rammelsberg.) 


Rammrlaberg. 

At. 

AiinUt. 

Dtnphio^. 

Uui. 

VraL 

KO  „ 

... 

0-64 

Crf) 

...     16    .... 

448-0 

19-72 

....      20-67 

....       18-90      .... 

19-97 

Bfi  "" 

...      8     .... 

40-0 

1-76 

1-70 

1-77       .... 

8-21 

^HD  •<•• 

...      2    .... 

73-2 

.3-22 

Mn«0»    3-05 

1-37       .... 

1-16 

PI; 

4     .... 

1408 
78-4 

6-19 
3-47 

9-45 

...       11-94       .... 

TSo* 

...       1     .... 

10-21 

AFO>  .... 

„.      7    .... 

359-8 

15-84 

....       15-63 

....      15-66      .... 

16-92 

SiO'     

..    82    .... 

99-20 

43-67 

....       43-68 

....      43-74       .... 

4.1-72 

BO" 

...      4    „.. 

139-2 

6-13 

5-61 

6-62      .... 

6-81 

22714     100-00 


100-43 


100-00 


100-00 
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Rammclaberg  estimates  tlie  whole  of  the  tnanj;;nncsd  and  iron  contAined 
in  iixinite  ns  scHijuioxidesj  but  tliu  bebaviuur  of  the  mineral  bvforal 
blowpipe  is  oppuNvd  to  this  afisuniption. 

fi.  Tourmaline,  Schorl.  —  Primary  form,  an  obtuse  rhorabohedr 
Fi(f.  141,  r^  ;  f*  =  133^  28';  three,  six,  and  uine-BideJ  prisms  with  the 
iaoeA  of  different  rhunilrohcxlruns,  the  P-face  and  others  also  having 
unsynimrtrical  termination* ;  cleavage  parallel  tor/  sp.  gr.  from  30  to 
3'3;  softer  than  quartz.  Exhibits  evorj  degree  uf  transparoucy,  from 
perfect  cloarnesa  tu  comjilete  opacity,  anil  is  also  variously  coloured. 
Bwolls  up  before  the  blowpipe,  and  fuses  to  a  slag  when  the  flame  is 
stronffly  urged ;  the  variety  called  Apt/rite,  however,  does  not  fuse. 
Whou  finely  divided  tourmaline  is  boiled  with  oil  of  vitriol  and  tbe 
residue  digei$ted  with  alcohol,  the  alcohol  dissolves  out  boracic  acid  and 
bums  with  a  green  flame ;  hydrochloric  acid  is  far  from  etfecting  complete 
decomposition. 

a.  Soda-tourmaline,  Ordinary  Schiirl, — Green  or  black.  The  three 
analyses  mode  by  C.  Umcliu  cannot  be  re<luced  to  a  common  formala. 
The  simplest  that  can  be  retlucod  to  calculation  are : 


NaO          KVO>           SiO:             Wf^M 

Green  tourmaline  from  Chesterfield 

12                 I    ^H 

Black  from  Un 

•ey 

6     8     12     1   ^H 

Black  from  Eibemtock 

8     8     12     1   ^H 

0,  CttO,  MgO,  MnO.  and  FeO :  and 

NaO  is  partially  replaced 

by    K 

AI'0»  by  Fo*0\ 

The  aualyaia  of  the  Chesterfield  tourmaline  \b  ifiyen  as 

an  example. 

C.  OmeUn. 

At. 

Soda-lourmalint. 

CbiatarltU.              Bun-r.           EnoMtt;^ 

NaO 6    .. 

ui-i 

4-99 

....       4-95       ....         209     ....       3-ir  fl 

CaO 

0-55     ....       0-8S-V 

UnO  3    .. 

lOC-8 

2-85 

....       2-88  &MgO     113 

PeO 3    .. 

10.^C 
235-2 

2-811 
6-27 

....       7-43       ....       1786     ....  I""** 

FiW  .......      8    ,. 

A!»0«  „.    99    „ 

1490-6 

8972 

....     39-61       ....      33-50     ....     38-U  ■ 

»0* 48     ,. 

1488-0 

3966 

....     38-80       ....       35-20     ..  ,     33'0I^I 

B0« _.      4     ,. 

isy-a 

3-71 

....       3-88       ..„          11 1     ...        l-8t^l 

Lon  by  ig- 
nition    f 

....       0  78      ....                   ....       0-49^ 

3752-8       10000 


98-33 


96-44 


lOl&l 


The   Dovey  tourmidine  consists  of  i    2NaO,  ICaO,  1  MgO,  l-tF»( 
(total  18),— 2F(>»O\-2-2Al"0>  (total  24),— 30SiO'—4Bo";  thut  from  Eil 
stock,  of:  3N»0,  2lFeO  (total  24),— 24A1'0',— 3(!SiO'— 3B0\ 

b.   Tourmaline   richer   in    maffnetia,   has   sometimes  the   same, 
sometimes  very  similar  formula;: 

MgO        APCP  SiO»  B* 

A  brown  Tuiely  from  St.  Gothard,  and  a  I  _  , 

blnik  variety  frnm  Greeulund f  '        * 

A  blaok  variety  from  Kiiriiigibricka  and  )     ,  _ 

KabcLstcin    * }     «     «     »a     « 

The  MgO  is   partially  replaced  by  KO,  NaO,  CnO,  MuO.  and  F« 
\nd  tbo  Al'O' by  F«'0'. 


TOUnMALINE. 
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The  following  calculations  are  added  in  ooufirmation  of  tbo  formulas. 


At. 

KO 

N«0 4 

MgO    12 

Mu»0« 

FeO 

F<j«0»  S 

Al=0»   SB 

8iO» 48 

BO> 4 

LoM  by  {g.  I 
uidon     / 


Magufia  •  tourmaline. 


134-8 
2100 


23S'8 
1390-6 
US8-0 

1398 


3-45 
6'63 


6-60 
38  44 
41-13 

3-85 


C.  Gmelln. 
GfacabuO.  si.  GoUutd. 

0-22         ....  1-20 

3-13       CaO        0-98 
S-86         ....  5-99 

tr»ce         ....  1-11 


581 

3719 

38-79 

3-03 

1-8G 


7-77 

31-61 

37-81 
4-18 

0-24 


1 


At. 

KO 

N*0 3 

MgO   V 

MnO    i 

Fi-0 10 

FbW  4 

APo*  aa 

SiC 48 

BO* 4 

Loss  liy  Ig- 1 
iiitioQ     J 


3617-9       100-00 


Mofnetla-toHrmaliHt. 


96-49 


90-89 


93-6 
180-0 

71-a 

3&2-0 

813-6 

1439-2 

14880 

139-2 


2-30 
4-42 
1-75 
8-C31 
7-89/ 
3.f30 
36-50 
3-41 


c. 

Gmelin. 

lUlKrnlBiii. 

KiUiAgiliikUi 

0-481 
1-75/ 

.... 

2-53 

4-68 

10-98 

1-89 

C.0 

0-25 

17  44 

.... 

9-3S 

3475 

33-46 

36-48 

,,,, 

37-66 

4-0-2 

3-83 

003 


4076-8       100-00 


100-40 


9811 


Tlio  tourraalino  of  Kfiringsbricka  consists  of  about:  BNaO,  ICMgO 
(total  IK),— 4Fe=O',20Al-O'  (total  24),— 36SiO',— 3B0'. 

c.    Lilhia-tourmaline,  Apyrite,  Rubellile,  Sihcriit. — The  analyses  of 
tliis  mineral  likewise  jield  very  indcQuito  formuls. 


C.  Gmelin. 

rorni. 

Braul. 

Roiai. 

KO 

liO 

1-291 

a'52; 

3-59         '•■• 

...1 

1  2-41 

1  a -04 

CmO 

1-20 

Mn»0» 

s-oa 

2-14 

6-32 

Pe»0»  

,, 

6-9d 

Al»0»  

44-00 

40-00 

36-43 

Kt)' 

8987 

B»-ie     .... 

4213 

BO» 

418 

4-69 

6-74 

Ixw*  by  ig- 1 
nition     f 

158 

1-58 

131 

97-96 


9702 


97-58 


The  tourmaline  of  Perm  \a  oomposed  of  about:  IKO,  6LiO,  5MnO 
(total  12),— 32APO', — J8S10',-^B0' =  3  :  8  :  12  :  1. 

That  from  the  Brazils!  IKO,  iLiO,  J  MnO,  iFeO  (total  4),— iFe'O', 
1.5A1'0»  (total  10),— 24SiO',— 2B0"  =  2  :  8  :  18  :  1. 

That  of  Uoina:  IKO,  3LiO,  iCiiO,  3MnO  (total  8),— 12A1»0*,— 
34SiO', — 2B0"  =  4:0:12:1.  This  formula  is  distinguished  from  all 
the  oUion  by  eontaiuing  only  6  atoms  of  APO',  instead  of  8  atoms  in 
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combination  witli  12  atoms  of  SiO*.    Generally  speaking,  all  the  fonnuln 
given  for  tourmaline  most  be  regarded  ait  merely  approximative. 

c.  Combinations  teith  Sulphates. 

The  Bulphato   which   occurs    in  tliia   class  of  minerals    is   probablv 
Bolpliate  of  lime,  or  perhaps  also  a  kind  of  alum.     They  likcnidC  co 
tun  a  small  quantity  of  eouie  metallic  sulphide,  which  ^'enerally  gii 
them  a  blue  colour.     But   whether  this  substance  is  sulpliide  of  iron 
Bulphide  of  aluminum,   or  double  snlphido   of  aluminum   and    iron, 
double  sulphide  of  iron  and  sodium,  &c.  has  not  yet  been  determine 
wo  only  know  that  on  the  addition  of  an  acid,  sulphuretted  hydrogen 
evolved  and   the  mineral  becomes  colourless.     AU  the  minerals  enun 
rated  under  this  bend  probably  belong  to  one  speciesj  whose  prima 
form  is  a  rhombic  dodecahedron. 

«.  /«neri/<r.— Cleavnge  indistinct,  parallel  to  the  faces  of  a  rboml 
dodecahedron.     Sp.  gr.   2-3;  harder  than  apatite.     Grey.  (Breithaupt 
When   geutly   heated   it  becomes  covered   with  blue   sj>ot3   like  st-it^ 
Swells  up  strongly  before  the  blowpipe,  and  readily  fuses,  with  evolution 
of  sulphurous  acid,  to  a  blistered  enamel.     With  borax  and  microcosm] 
salt,  it  yields  a  transparent  glass,  in  the  latter  case  containing  a  sketet 
of  silica.     Boiling  water  dissolves  out  sulphate  of  lime.     The  miner 
dissolves  in   hydrochloric  acid,  with  evolution  of  sidphuretted  bydrog 
gas  and  formation  of  a  siliceous  j«lly.  (C.  Gmelin.) 


At. 

lllnerile. 

C.  Gmelin. 

KO  

1 

47-2 

1-70 

1-57 

KM 

10 

3120 

11-28 

11-29 

c»o 

5 

1400 

5-06 

5-26 

Fe»0»  

0-62 

A1»0«  

16 

822-4 

29-72 

2840 

SiO' 

32      .. 

9920 

35-85 

3402 

c»o.so».... 

,. 

1360 

4-92 

4-89 

NaCl    

29-3 

106 

1-62 

HO 

S 

32 

2880 

10-41 

}     • 

1076 

1      .. 

.       2766-9 

100-00 

98-43 

Omitting  the  chloride  of  sodium  :  8(K0;  NaO;  CaO),  SAl'O*,  leSiCH 
+  16Aq+CaO.SO'  +  8[(KOjNaO;CaO),SiO'+Al'0',SiOn  +16Aq 
+  CaO,SO' +  xFeS(?). 

p.  Jfoseane,  ^^oiine,  Spinellane. — Occurs  in  rhond)ic  dodecahedrons; 
cleavage  indistinct,  parallel  to  the  faces  of  that  solid.  Sp.gr.  =  -2 -28-, 
harder  tlmn  apatite.  Grey  or  brown.  Becomes  colourless  when  heated, 
and  fuses  to  a  blistered  glass.  Decomposed  by  hydrocliloric  acid,  with 
erolution  of  sulphuretted  hydrogen  and  formation  of  gelatiuona  silics. 


At. 

Noseane. 

Varrontrapp. 

Bergemiunn. 

NaO 

2      .... 

62-4 

18-95 

....       17-84     .... 
1-12     .... 

16-56     ... 
1-14     ... 
1-00     ... 

12-34 

c»o 

8-14 

MnO   

0-50 

FeO 

•  M» 

0-05     .... 

1-50     ... 

1-15 

AK)»  

2      .... 

102-8 

31-23 

....       32-67     .... 

29-25     ... 

27'50 

«<y ..„ 

4      .... 

124-0 

37-67 

....       .35-99    .... 

38-50     ... 

3700 

80» 

1       .... 

40-0 

1215 

9-17     .... 

8-16     ... 

11 -56 

HO 

«i>< 

1-85 

S 

•  •.1 

,   , 

2-82     ... 

1-41 

CI 

0-65     .... 

1       .... 

329-2 

lOO-OO 

...      99-24     .... 

98-93     ... 

99-50 

I 


LAPIS-LAZUU,  ULTRAMAIUNB. 
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1  (NaO ;  CaO),  SAl'D*,  4SiO»,  1  (NaO ;  CaO),  SO'  (1).  The  above  ana- 
lyses cannut  b«  reduced  to  exact  calculation. 

3.  Soda-hauyne. — The  same  orystallino  form.  Sp.  gr.  =  2'47.  Light 
blue.  Before  the  blowpipe  and  with  hydrochloric  acid,  it  behaves  bke 
noscaue. 

Potadi-haui/iif. — Of  similar  character. 

The  analyses  hitherto  made  of  hauyno  admit  only  of  approximate 
calculation. 
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Lripit-laxuli  contains  the  same  substances  as  eoda-liauyne,  but  in  dif- 
ferent ]>rupurtion8. 

From  the  hipis-lazuli,  Natural  Uliramanne  is  prepared  by  slightJy 
igniting  the  mineral,  slakint;  the  inat^s  in  water,  reducing  it  to  fine 
powder,  and  mixing  the  powder  with  a  melted  resinous  mass,  called  pai- 
tello  (composed  of  linsee<l  oil,  wax,  and  resin),  and  kneading  tho  whole 
well  with  cold  water.  Ultnunarino  is  then  deposited,  having  a  deep  blue 
colour  at  first,  but  afterwards  a  lighter  colour.  Tho  iron  pyrites  and 
other  impurities  in  the  lapis-lazuli  are  retained  by  the  resin.  The  other- 
wise very  durable  colour  is  ilestroyed  by  acids,  with  evolution  of  sulphu- 
retted hydrogen  gas.  Ultramarine  remains  unaltered  when  boiled  with 
baryta-water.  Hydrogen  gas  passed  over  ignited  ultramarine,  colours  it 
light  red,  from  lonnation  of  liver  of  sulphur,  bydrosulphurio  acid  gas 
and  water  being  evolved  at  the  same  time. 

Artifcial  UUrantariiK. — 1.  A  »)lution  of  caustic  soda  is  saturated 
with  precipitated  silica.  Alum  freed  by  recrystallization  from  tho 
greater  part  of  the  iron  which  it  contains,  is  precipitated  by  carbouato 
of  soda,  and  the  hydrate,  after  being  washed,  is  dried  till  tho  water 
which  it  retains  amounts  to  00  per  c«nt.  It  is  then  added  to  tho  silicate 
of  8o<la  in  ench  proportions,  that  26  parts  of  anhydrous  alumina  shall  bo 
present  for  every  31  ])arts  of  anliytfroua  silica  (with  14  to  .-3.')  parts  of 
alumina  to  the  31  parts  of  silica,  a  beautiful  oluo  is  still  obtained'. 
The  mixture  is  evapor.-ited  to  drvncs*,  with  constant  stirring,  and  tho 
ma.s-<  thus  obtained  is  reduced  to  fine  powder  and  mixed  with  llowons  of 
sulphur:  this  is  mixture  a.  On  tho  other  hand,  dry  carbonate  of  sodn 
and  flowers  of  sulphur  are  mixed  in  equal  quantities:  this  gives  mixturo 

*  IT  Whitney  [Pogg.  70,  443)  gives  the  following  coin)ianilivo  view  of  tlie  formula 
for  sodallcc  (p.  461),  noteane,  baujae  tram  the  Albany  niountaini,  and  hauyne  fiom 
NInlcnnrnnig  (Silica  =  SiO*). 

Sodalito    .WaO,SiO»+(3Al'0'.SIO»)  +  NBCl. 

NoMAne    3N«0,8iO»  +  3(Al'0».  SiO»)  +  N«().  SO>. 

UMtyne  from  the  Albany  mountaioi        .'iNaO,  810>  -f  3(AI'0>,  SiO>)  +  2('ii().  S(H. 
„           ,        „.   .  J      3NaO,  Sl(>>  +  3(ArtH,SiO")  +  N«0,  St>». 

Hwirne  from  Niedermenmg   |  2[3N«0,  SiO'  +  (3AI»0",  8iO^  4-2(C.O.  80>)]. 
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(,— One  part  of  mixture  a  is  then  intimatolj  bloDde<l  with  ono  p»rl  of 
jbaixturc  h,  and  the  powder  closely  pressed  into  an  earthen  crucible. 
1^8  to  Gil  it  cuuiplctc'ly.  The  eruciblo  is  then  cloecd  with  a  tight  littiiij 
cover,  heated  aa  rapidly  as  possible  to  a  strong  red  heiit  by  earroundii 
it  with  i-ed-hot  coiiIb,  and  kejil  at  that  temperature  for  two  hours, 
the  boat  is  rai.sed  too  slowly,  no  liver  of  laulphiir  is  forineil,  and  thfl 
resulting  mass  is  white,  because  most  uf  the  sulphur  is  volatiliceJ;  by  i 
second  ignition  with  carbonate  of  soda  and  sulphur,  it  may,  honover,  fatj 
made  to  yield  gooil  ultmuuiriae.  After  a  successful  iguitiun,  the  mass 
exhibits  a  prconish-3'ellow  colour.  It  must  now  be  gently  ignited,  with 
slight  exposure  to  the  air:  0.  g.  in  11  covered  porous  crucible  in  which  boles 
are  miido  with  a  knitting  nee<lle.  The  blue  mass  thus  obtained  is 
reduced  to  powder,  boiled  with  water,  and  well  washed.  (C.  Gmelin,^ 
adiu).  54,  300.) 

2.  A  mixture  of  equal  parts  of  precipitated  silica^  carbonate  of  soda^l 
and  sulphur  (nil  dry),  is  mixed  with  a  quantity  of  solution  of  8od»j 
sulhcicnt  to  dissolve  the  silica,  the  mixture  pressed  down  into  a  cm-^ 
cible,  which  is  rapidly  heated  to  ignition,  and  kept  at  a  Strong  red  heat] 
for  an  hour.  The  result  is  a  bluish  green  mass,  which,  .after  subso-l 
quent  roasting,  assumes  a  beautiful  blue  colour.  Porcelain  clay  from  St. 
Yrieux,  used  instead  of  alumina  in  the  second  method,  yields  a  lesal 
beautiful  blue,  because  it  contains  iron:  pipe-clay,  a  still  U'ss  beautiful^ 
colour,  because  it  contains  a  still  larger  amount  of  iron.  (C.  Gmeliu.) 

3.  A  mixture  of  2  parts  of  porcelain  clay,  3  parts  uf  sulphur,  and 
3  parts  of  dry  carbonate  of  soda,  is  gradually  heated  in  a  coated  eaxtbenwart 
retort  till  it  ceases  to  give  off  vapours;  the  retort  is  broken  to  pieces  u 
soon  as  it  is  cold,  and  the  gi'oeu  porous  nmss  washed  with  water.  The 
remaining  blue  powder  is  agaiu  heated  to  redueas  to  expel  the  excess  of 
sulphur.   (Robiquet,  Avn.  I'/iarm.  10,  01.) 

4.  1075  parts  of  crystallized  cnrbonate  of  soda  are  fused  in  their  own 
water  of  crystalliuitiou,  and  the  fused  mass  mixed  by  stirring,  first  with  1 
5  parts  of  red  sulphide  of  arsenic — then   with  a  quantity  of  hydnito  of  | 
alumina,  prepared  from  alum  by  pn.-cipitation   with  carbonate  of  .soda,f 
and  containing  7  parts  of  anhydrous  alumina — and  lastly  with  a  mixturol 
of  lUO  parts  of  sifted  clsy  and  221  parts  of  Uowers  of  sulphur.     The  mass, 
after   being  intimately  mixed  ami  evapomtcd   to  dryness,  is  introduced] 
into  a  crucible  provided  with  a  good  cover,  and  gently  heated  at  first,  inj 
order  to  expel  the  renuiining  tracea  of  water,  the  tempenituro  being  after-' 
wards  raised   to  full   re<lncs8.     The  nuiss  should  cake  together  without 
fusing.     If  the  materials  have  not  been  properly  mixed,  the  mass  exhibit* . 
while  sj)ot«;   and  if  it  has  been   fused,  it  is  studded  with  brown  spots,  j 
After  cooling,  it  is  roasted  in  order  to  exj)el  the  greater  part  of  the  suUl 
pliur;  then  reduced  to  powder  and  washed  slightly  ou  a  filter  with  coldl 
water.      The  bluish-green    powder    tiuis   obtained,    is   agaiu  roasted  for! 
an  hour  or  two,  with  occasional  stirring,  in  covered   basins,  at  a  teoi-  | 
peraturo  never  rising  above  low  redness.     (Tiremon,  Cuinpl.  rend.  14, 
7C1 ;  also  J.  pr.  Chem.  26,  314.) 

A  very  small  quantity  of  iron,  such  as  is  usually  contained  in  tho  1 
ingredients,  is  essential  to  the  production  of  the  colour,  but  excels  is  I 
injurious.  (Eisner,  >/.  pr.  Clitm.  24,  384.)  A  mixture  of  one  pari  of 
chiy  perfectly  free  from  iron  with  one  part  of  sulphur  and  2  parts  of 
anhydrous  carbonate  of  soda,  yields  a  yellowish  mass  when  ignited ;  but  J 
if  a  trace  of  sulphate  of  iron  is  added  to  the  mixture,  a  mass  is  obtained  1 
which  is  block,  green,  or  blue,  according  to  the  degree  of  heat  to  which  I 
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It  has  been  enlijecte*!.  (Kreesler,  J.  pr.  Ch^m.  28,  106.)     When  polBsh  Is 
used  iiiBtcftil  of  Boila,  the  blue  colour  is  not  obtained.  (C.  Gmelin.) 

Artificial  ultrninariiie  has  a  shade  of  nrpcen  or  groy,  whereas  the 
native  compound  inclines  to  a  reddish  tint.  It  sustnins  a  low  red  heat 
without  underpoini;  any  change.  When  strongly  ignited  for  a  long  time, 
it  becomes  dingy  blue,  and  at  lost  white.  It  is  also  decolorized  by  igni- 
tion 1q  an  atmosphere  of  hydrogen  gaa.  (Eisner.)  Hydrochloric  acid 
destroys  its  colour,  the  change  being  attended  with  cTolution  of  sulpha- 
Bttcd  hydrogen  and  forniiition  of  a  siliceous  jelly.  The  silica  after 
Pushing,  contains,  according  to  Eisner  and  Rammelsbcrg,  a  portion  of 
biphur  mixed  with  it;  whenoo  it  would  n])]>eitr,  that  a  polysulphido  of 
sodium  (witli  sulphide  of  iron)  is  contained  in  ultramarine. 

Grern  uhinvmrine  npi>ears  to  consist  of  artificial  ultramarine  which 
haa  not  been  roasted.  When  heated  to  redness,  it  becomes  yellow,  and 
tcfwards,  on  cooling,  greenish  blue.  (Eisner.) 
H  5.  Brunnor  {Po<jg.  67,  .')41)  recommends  the  following  process: 
intinialc  mixture  is  made  of  70  parts  of  silica  (he  himself  usl-s  a 
peculiar  sand  fuiind  near  Nengnau  in  Bern,  and  containing  f)4'2j  per 
ent.  of  silica,  3'03  of  alumina,  I'Ol  of  lime,  and  0'94  of  sesquioxide 
f  iron),  240  parts  of  burnt  alum,  48  of  powdered  charcoal,  144  of 
lowers  of  sulphur,  and  240  uf  anhydrous  carbonate  of  soda,  all  pro- 
Monsly  reduct'd  to  an  iuijpalp.ible  powder.  The  mixture  is  introduced 
Uto  a  hc-sian  crucible,  and  the  cover  lutctl  down.  The  crucible  is 
_  ben  exposed  to  a  moderiite  re<i  heat  kcj)t  us  fcteady  aa  iKissible  for 
an  hour  and  a  half,  after  which  it  is  suttcred  to  cool.  When  the 
operation  is  successful,  tLc  mass  presents  a  loo!<e,  semifuscd  appear- 
ance, aud  a  greenish  or  reddish-yellow  liver  of  sulj)liur  colour;  it 
_i8  also  reduced  to  about  two-fifths  of  its  former  volume.  (If  it 
ppears  solid,  fused,  browner  in  colour,  and  of  still  smaller  bulk,  we  may 
pncltldo  th;<t  the  temperature  has  been  rai8C<l  too  high.)  The  moss, 
Hiich  is  readily  detached  from  the  crucible,  is  put  into  a  dish  and  washed 
rith  either  hot  or  cold  water,  till  the  liquid  no  lunger  has  a  sulpliuroua 
Mte.  The  residual  dark  greenish-blue  powder  is  then  thrown  on  a 
Jtcr  and  dried.  The  dry  powder  is  next  mixed  with  an  equal  weight  of 
alphur  and  1  \  times  its  weight  of  anhydrous  carbonate  of  soda,  and 
■Ciited  us  before.  The  resulting  mass,  after  washing  and  drying,  is 
Bco  more  heated  with  the  same  i>roportions  of  sulphur  and  carbonate  of 
)da,  the  jiroduct  boiled  for  some  time  with  water,  and  then  thrown  on  a 
Iter  and  washed  with  coM  water,  till  the  liquid  which  poshes  through 
eases  to  affect  acetate  of  lead.  The  powder  after  drying  is  passed 
hroDgh  a  fine  sieve  to  separate  impurities,  and  then  treated  in  tbo 
bllowing  manner.  A  cast-iron  plate  or  ]>latinum  dish  is  covered  with  a 
fcyer  of  pure  sulphur,  about  one  lino  in  depth,  and  on  this  about  tho 
►mo  quantify,  or  a  little  more,  of  the  perfectly  dry  compound  is  sifted. 
The  iiliito  is  then  carefully  heated  till  the  sulphur  takes  fire,  the  com- 
t>und  it«elf,  at  tho  siirao  time,  being  kept  from  ignition  as  much  m 
^^niwible.  (Or  the  prejiarntion  may  bo  mixed  with  half  its  weight  of 
sulphur  and  cautiously  heated  a«  before.)  This  process  is  rej»eated  three 
or  four  times,  tho  residue  on  each  occasion  being  detached  from  the 
plate  and  reduced  to  powder.  The  operation  ia  ropeat«d  till  a  •ati«fao- 
toiy  colour  is  obtjiincd. 

Brunncr  is   of  opinion    (1),  that  the   presence  of  lime  is  accidental 

only,  and  of  little  consequence  in  the  preparation  of  ultramarine  ; — ;  2), 

BtM  the  iron  likewise  plays  but  an  unimiK)rt.aut  part;  siuco  ho  hat  «uo- 
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cieede<l  in  preparing  nltramarino  with  innterials  perfectly  free  Itvm  tbi« 
iiit'lal;  .iiid  (3),  that  the  blue  colour  is  dependent  upon  the  eoda,  inasniHcli 
lUB  potaah  jielda  an  analogous  compound  which  is  perfectly  white.  If 
the  burning  process  with  sulphur  and  carbonate  of  soda  be  continued  afwr 
the  compound  has  attained  its  finest  colour,  a  point  is  reached  at  which  il 
coases  to  increase  in  weight;  but  if  it  be  then  heated  without  the  addition  of 
eulpliur,  an  increase  in  weight  ia  again  observed,  and  a  maes  obtained 
having  a  paler  blue  colour  with  a  tinge  of  black,  rcaenibling  that  of  somaJ 
varieties  of  native  ultramarine.  The  powder  at  the  same  time  losca  itr 
soft  loose  texture,  and  becomes  den.ser  and  granular.  In  thifi  state  it  do« 
not  evolve  hydrosulphuric  acid  with  hydrochloric  acid,  showing  that  it 
contains  no  unoxidized  metallic  sulphide. 

Priickner  adopts  the  following  method.      Sulphide  of  sodium,  pn 
pared  by  igniting  the  sulphate  with  powdered  charcoal  in  a  cnjciblj 
or  uiuille,  is  dissolved  in  water;  sulphur  added  to  ensure  saturation;  tho 
concentrated  solution  mixed  with  J  per  cent,  of  ferrous  sulphate  andr" 
per  cent,  of  well-prepared  clay  as  pure  as  possible;  the  mixture  evap 
rated  to  dryness;  and  the  resulting  mass  reduced  to  powiler  and  ignit(<41 
for  about  an  hour  in  a  cupelling  furnace.     When  cold,  it  is  cxhaa$tc<ll 
with  water,  dried,  powdered,  and  once  more  exposed  to  heat  in  tbe  muflle 
whereby  the  desired  colour  is  produced.     It  is  ground  down  on  a  slo 
for  use.  (Priickner,  J.  pr.  Chem.  33,  257.)  H 
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S,  a,  in  Ej-sner's  analyses  is  sulphur  evolved  in  the  form  of  sulphn-J 
rettcil  hydrogen  when  the  mineral  is  treated  with  hydrochloric  acid;  S,  5, 
is  .sulphur  which  remained  attached  to  the  silica.     S,  a,  forms  the  lnri;est| 
pro])ortion  iu  the  green   (unroasted)  ultramarine;  the  cliange  from  thai 
green  variety  into  the  blue  appears  then  to  depend  upon  the  ub$tnicliu)i| 
of  iron  from  the  sulphide  of  iron,  or  of  sodium  from  the  proti>sulphiJe  ot, 
sodium  by  the  o.xygon  of  the  air  and  the  formation  of  a  sulphide  of  »! 
higher  degree  of  sulphnration.     As  the  sulphar  is  more  than  sufficient 
to  combine  with  the  iron,  sulphide  of  sodium  must  also  be  present,  toge- 
ther with  sulphide  of  iron.  (Eisner.) 

IT  F.  Whrightson  {Ann,  Fhai-m.  54,  356)  has  analysed  the  tiro  fo^ 
lowing  silicates  containing  snlphuric  acid. 
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d.  Comhination  with  AfftaJlie  Chlondei. 

1.  ^oJa/iVe.— 3(NaO,  SiO-  +  AI'0',  SiO')  +  NaCl.  Primary  fonn:  a 
Dmbic  dodecahedron;  cleavage  parallel  to  its  faces;  sp.  gr.  from  2-29 
2-49;  hardness  equal  to  that  of  felspar.  Traiiuparcnl,  white,  grey, 
blue,  &c.  Fuses  easily  before  the  blowpipe,  somclimes  tmnquiSly,  some- 
times swelling  up  ana  forming  a  blistered  glass.  With  uydrocbloiio 
•ciJ  it  readily  yields  a  siliceooa  jelly. 

Ekeberg.      Arfvcdaon.     Hoffmann. 
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8,  Porcthnn  .Spor.— 4(CbO,  SiO'-(- Al-O",  2SiO')  +NaCl.   Or,  accord- 

Tng  to  SchafrhSutl4(ATO^SiO')  +  2(CaOSiO»)  +  (NaO,SiO')  +  ^KCl.— 

Rhombic  prisms;  u'  :  m=92°  (nearly);  cleavage  parallel  to  m  and  t.    Sp. 

,^26.     Softer  than  felspar.     Trnngparent  and  colourless. — Fuses  with 

Dlcrablo  facility,  swelling  up  and  forming  a  colourless  blistered  glaiis. 

)ecomposed  by  strong  acids,  but  without  formation  of  a  jelly.    (Fucha.) 
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e.  Comhinations  with  Metallic  Fluoride*. 

Lithia-mica,  Ltpxdolite. — Six-sided  tables  with  two  angles  of  about 

122-^,  and  four  angles  of  119'.     Easily  split  into  thin  elastic  laminie, 

rith  metallic  pearly  lustre.     Specific  gravity  from  2-8  to  3-0.     Softer 

Ian  calcspar.      Transparent  or  translucent;  biaxial  to  polarized  light. 

^-When  heated  it  evolves  water  and  hydrofluoric  acid.     Fuses  very 

readily,  swelling  up  and  forming  a  gl.-iss  which  is  for  the  most  part  f  rnns- 

pufi'iit  and  colourless,  but  brown  or  black  if  it  contains  a  larger  quantity 

lit'  iron.     Colours  the  blowpipe  flame-red,  especially  on  (he  inMitlon  of 

'    of  potash.     Dissolves  readily  and  abunilantly  in  borax,  forming 

'-nl  glass;  dissolves  in  microcosmic  ^alt,  with  the  exception  of 

bUcIcIuu  of  silica,  and  forms  a  glass  which  becomes  opalescent  on  cuol- 
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iug;  with  earbouate  of  eoJa  it  fusea  rondily  to  a  clear  bat  soraewlut^ 
blislcreil  glaw.     In  ita  natuniJ  stale  it  is  but  imperfectly  decompose'l -^  '^ 
a«iil8,  but  after  ignition,  completely,  without  forminc;  a  silic<7uu«  !■  I! 
— Lithio-niicft  coiitiiins  :  IKO,  2LiO.  3Al-0\  9SiO»,  3F— O.      From"  pi 
may  k-  ded»co<l  the  formula  :  2(LiO,  SiO')  +  3  Al'O*,  SSiC)  -»-  ( KF,  SiP) 
TLo  sesquioxidee  of  iron  and  manganese  partly  replace  the  alumina. 

Tamer. 
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C.  Gmelin. 

Roulea 

c. 

d. 
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a,  is  Lithior-mica  from  the  Urftl; — b,  Lepidolite  from  Ut%a;  c,  Lithii 
mica  from  Zinnwald; — d,  from  Mursinsk,  in  the  Ural; — e,  a  brownisl 
yellow  variety  of  unknown  origin. 

Cvmbinaiion  of  a  Silicate  with  Aluminate  oj  Magnetia. — Xanlhopky^ 
litf,  with  which  also  Sryhtrlitf,  JJolmesite  or  Chri/scrjihaii'!  appear  to  M 
identical.— iCaO,  2Ml'0,  2A1'0',  iSiO',  I  Aq^  2(AigO,ATO^)  +CuO,SiO!i 
+  A<j. — Occurs  in  tables  which  Lave  a  plane  of  cleavage  parallel  to  tb4 
principal  face.    Sp.  gr,  from  3-0  to  3'1,     Hardness  equal  to  that  of  apatito. ' 

Meitiendorf,     Pluttncr.     Clemsnii 
At.  XanthopkgUit: 
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0-«l 
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i. 
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46'7 

16-4 
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10-7 
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2556-6 


10000 


100-29    ....    93-a    ....    8«-2 


a,  is  Xanlhoiihyllito  from  Siberia;  b,  and  c,  Seybertile  from  Amity  ia 
the  State  of  Nev^r  York. 
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SlLICIUM    AND   ThoHINUM. 

Sn-ICATE  OF  TnoBiSA. — Tliorite.  Before  the  blowpipe  lliis  mineral 
astfnmcs  a  brownisli  rod  colour  without  fusing.  It  is  dccomnoHod  by 
hydrochloric  noid  with  fonuiitinn  of  a  jolly.  Contains  in  100  parts:  KO  ()2i, 
NaOOlO.CuOa-SS.MaOO'acPhOo'-MO.Mn'O'a-aO.Fo'OM^O.Al'O'OOB, 
U»0*  1-61,  SnO'  OOl.ThO  5791,  8iO»  1808, 110  950.  (Undecomposed 
'ueral,  1"0;  loss,  QAO.)  (Bcnelius.) 


SlLICIUM  AND  Zirconium. 

A.  SlLlCATH  OP  ZracoNlA. — Zircon,  Ilyacintk. — 2ZrO,  SiO'. — Crys- 
talliue  Bystem  the  square  prismatic.  Fit;.  29,  30,  and  other  forms. 
e  :  <!=124'^  12';  e  :  2=117°  48';  e  :  r=13r  49';  cleavage  parallel  to  r. 
CHnuy.)  Sp.  gr.  from  4-4  to  4-5.  Harder  than  quartz. — Docs  not  fuse 
Bforc  the  blowpipe,  although  it  loses  colour.  In  a  largo  quantity  of 
ornx  it  dissolves  with  ditBculty,  and  forms  a  transparent  glass;  with  a 
smaller  quantity  it  forms  a  turbid  glass;  does  not  dissolve  to  any  percep- 
tible extent  in  microcosmio  salt  or  carbonate  of  sodn.  Not  decomposed 
by  acids — even  by  hydroHnorio  acid — hot  oil  of  vitriol,  however,  acts 
slightly  on  it.  (Bcrtohus.) — When  chlorine  gas  is  passoil  over  an  ignited 
mixture  of  powdered  zircon  and  charcoal,  chloride  of  silicium  is  alone 
evolved,  and  the  resiilusil  mass  gives  up  no  liirconiii  either  to  water  or 
to  hydrochloric  acid.  (Wiihler,  I'ot/^.  11,  148.)  Zircon  may  bo  fused 
with  potash,  lime,  or  oxide  of  lead. 
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B.  FLroniDE  op  SiLicir.M   and  Zirconitim. — VVhite,  i>carly  crystals, 
ery  soluble  in  water.     The  solution  becomes  turbid  ou  boiling;  but  the 
ter  part  of  (he  salt  remains  dissolved,  (lierzelius.) 


C.  Silicate  op  Zirconia  and  Potash. — One  jwirt  of  powdered  zircon 
i^Ditcd  for  some  time  with  from  two  to  four  parts  of  hj-drateof  potatih  ia 
mlver  crucible,  and  the  cooled  mass  exhausted  with  wafer,  which  takes 

the  excoits  of  potash,  together  with  a  small  portion  of  silica,  leaving 
thu  double  silicate  of  zirconia  and  potash  in  the  form  of  an  insoluble 
powder.  In  pure  water  this  salt  remains  suspended  for  a  considerable 
time,  but  from  water  containing  potoch  it  is  soon  dopoi-ited.  It  is  pcrfccl.ly 
Holulile  in  dilute  hydrochloric  acid.  (Chevrenl.)  If  400  parts  of  hydrate 
of  potash  are  uscif  to  every  100  parts  of  liroon,  the  water  extnu<t'<  3  per 
cent,  out  of  the  33  per  cent,  of  silica  contained  in  the  zircon,  togeluor 
with  the  i!xc«s.s  of  potash;  and  the  wa«hed  residue,  after  ignition,  weighs 
I  it  therefore   contains  30   parts   of  potash.  (Berthier,  Anu. 

,5.  59,  193.) 

D.  SiLiCATB  OP  ZmcoNiA  and  Lime.— Prepared  by  fuiing  a  mixture 
of  tirwn  with  quarti  and  marble  in  various  proportions,  in  a  obarcoal 
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er««iMe  txfemei  to  tba  hmt  uf  »  hlaet  funuuw.  Br  tbU  means 
iioa  ta  tlie  cu«oa  u  redneed. — a.  100  p^ru  of  lirv^ou  witb  234  {atU  cf 
HVMttt  aDd  388  pwiaof  narble  Tvekl  a  deaM  tniksparent  glM»  somwoM 
with  a  wUto  ataajr  cnaL— ^  100  :  101  :  333;  polrenilent,  tH^^iij 
Ucnl  logather. — e,  100  :  267  :  SS3;  iiaiicTfcctlj  vitiifi«a,  wtito 
of»qae,  raMmUiag  porodMB.^^^  100  :  334  :  2-22.  Liglit  grey,  tr«a»- 
pareat  gia*^  with  eoochoidal  frwiare. — «.  100  :  167  :  222; 
■oAcann  j«J«  S(«7.  *ntb  graoolated  hactareL— /.  100  :  100  : 
parfactly  loacd,  Mau-vitreoiu,  doa»e. — 7.  100  :  67  :  111; 
«paqa«  and  ctmj;  MM»etiaiei  traocparent  and  vtUcous,  with  coB< 
fntrtore  and  diamood  lustre. — A.  100  -.33  :  111 ;  white,  opaqae,  witL 
■kiaias  and  tooiewhat  laminated  fracture. — L  100  :  16  :  111;  vitile 
opaqar,  dall,  and  stoor.  ThoM  of  the  abore  mlxtarea  in  whieh  the 
Ihdb  aaiMtaU  to  Imb  than  one-third,  are  decomposed  bjr  acida.  (Bertkier, 
Amm.  CUm.  Fhf.  59,  190.) 

The  loUowiag  niiaenUd,  thoogh  belonging  to  this  bead,  do  not  adaiit 
af  aecnrate  calcalatioD  : — 

ErtdiaiiU. — Crystalline  system  the  rhombohedral.  Primary  fomt, 
aa  acate  ihombokedron,  Fig.  151,  r*  ir^  =^  73'  40' ;  clearage  paralld  tofk 
8|i»riBr  giBvity  =  2*89.  Harder  tban  apatite.  Transloeent  and  of  a 
rridlA  eolaor.  Before  the  blowpific  it  fu£««  with  tolerable  facility  to  a 
j(iCTMi-giMa  enamel.  Dissolves  readily  in  borax,  yielding  a  glaa 
ali|j»Uy  cokwrcd  by  iron.  Easily  decomposed  by  microooemie  sail,  the 
akeletoa  of  silica  swelling  op  to  such  an  extent  as  to  destroy  the  globahr 
fiasn  of  the  bead.  With  carbonate  of  soda  it  forms  a  very 
glass.  (Beraelias.)  It  b  cumpletely  decomposed  by  hydrochlorie 
with  iHnatioD  of  a  jelly. 

Otrwtmbitt. — Crystalline  system  tbe  sqtiaie  prismatic,  with 
sqaara-based  oetohedruas  and  two  square  prisms;  tbe  angles  verr  nearly 
agree  with  ihoaa  of  zircon.  Specific  -rnkvity  =  3629.  HarJer  tliaa 
apatite.  Brolvea  water  wben  heatetl.  Infusible  l>cfore  the  blowpipe. 
With  borax  or  aiicneosmic  salt,  it  yields  a  colourless  glass.  Does 
diasolre  ta  earbooate  of  soda.  (Forchbammer.) 

BaHMftt.  Otnttdlit*, 
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T  [For  an  extensire  and  interesting  arrangement  of  polymeric-i80inor»i 
pkons  minerals,  chiefly  comprising  Uiose  of  tbe  talc  gcnas,  ridt , 
8db«erer.  Po</g.  71,  445;  also  Bertelios,  On  ike  Formation  of  a 
Sgtiem  of  Atinrralogf,  Pogg.  "1,  456.] 

The   discoveries    of    Ebelmen,   relating   to   tbe    artiScial    forma 
of  uinerals,  may  be  appropriately  iutroduced  in  tUis  place.     By  '- 
together  a  mixture  of  alumina  and  magnesia  in  tbe  (<aino  ]  ' 
thaj  exist  in  spinellc — with  boracic  acid  (as  a  flux)— in   i 
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beat  of  a  pottery-furnncc,  Ebelmen  obteined  tt  great  number  of  regular 
octohc<lruns  mixed  with  doJocahedrons,  which  were  perfectly  infusible  ^ 
before  the  blowpipe,  and  scratched  ghiss.  By  adding  a  sinull  quantity  of 
chromic  oxide  or  oxide  of  cobalt,  the  crystals  were  obtained  of  a  red  or 
blue  colour.  The  specific  gravity  of  the  crystals  varieil  from  3'52  to 
3'38.  Again,  by  igniting  a  mixture  of  alumina  and  yttria  (or  glucina  t), 
in  the  proportions  of  Cymophanc,  with  boraoic  acid,  a  cryHlalliuc  mojis  la 
obtained  which  scratches  topaz,  Alamina  may  be  obtained  in  the  crys- 
talline form,  by  fusing  a  mixture  of  one  part  of  alumina  with  between  3 
and  4  parts  of  fused  borax.  {Compt.  rend.  25,  661.)  In  a  subsequent 
paper,  Ebelmen  givt^s  the  method  of  proceeding  and  the  proportiona  as 
follows  : — For  red  spinoile,  6  parts  of  alumiua,  3  parts  of  magnesia,  G 
ptuts  of  fused  boracic  acid,  and  from  '10  to  '15  parts  of  chromic  oxide; 
and  for  the  blue  crystals,  the  same  proportions,  substituting  oxide  of 
cobalt  for  the  chromic  oxide.  The  substances,  after  being  weighed  out 
Mipunitely,  are  iutimatcly  mixed  and  put  into  a  broad,  flat-bottomed  dish 
of  unglazed  }>orcelain,  lined  with  platinum  foil.  The  dish  is  then  placed 
in  a  protecting  crucible  similar  to  that  used  in  the  manufacture  of 
porcelain,  but  smaller;  and  the  whole  exposed  in  a  pottery  furnace  (such 
n.5  that  of  Sevres),  and  left  there  during  the  regular  period  of  burning. 
(.-/«7».  C/iim.  Phyi.  22,  213.) 


Other  Compounds  of  Siliciuh. 
With  tin,  lead,  iron,  copper,  silver,  and  platinum. 
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Syxontmes  :  itenalan,  Ti4an  Titane. 

ffUtory. — Oiido  of  titanium,  already  made  known  by  Qregor  in  V, 
M  a  new  metallic  oxide  occurring-  in  Aleuakite,  wa^  fuand  also  in  Rnti 
in   17D4   by   Klaproth,  who  more  accurately  investigate*!   the  cLemial 
properties  of  titanium;  this  metal  wa^  atill  further  exaniiaed  in  1821 
H.  Rose. 

Sourcfi. — As  free  titanic  aciil  in  Rutilo  and  Anatase;  as  titanic 
combined  with  rarious  oxides  in  Titanitc,  Titaniforous  iron,  BerowslcJ 
Greenovite,  Mosandrife,  Euxcnite,  Ae»cliinife,  Polymignite,  Oenit<!>dtif 
as  fluoride  of  titanium  in  Warwicltite;  aa  titanic  acid  or  a  titanate,  in  ' 
minute  quantities  and  accidentally,  in  the  Quartx  of  Rabenstein  and| 
the  Corundum  of  Piedmont  (Fucbs),  in  many  varieties  of  Mica  (Peschie 
in  Chry»oberyl  (Segbcrt),  in  Acmite  (Von  KoWl),  in  Pyrochiore 
(W&hler),  nnd  in  the  clay  of  Cracow  and  Freiberg  (Kerslen).  Acco^ling 
to  Brett  and  Binl  {I'ogg.  34,  518),  hessian  crucibles  contain  from  I  to  30 
per  cent,  of  titaUic  acitl;  but  Wohlor  and  Schwartcnberg  {Poffff.  35,  .507J 
Erdmann  {J.  pr.  Vhrm.  4,  496),  and  Herberger  {Rpeert.  55,  62),  could  i 
discover  any  titanium  in  thcni.  In  a  similar  manner,  Marcband  {J. ; 
Cltan.  16,  372)  refutid  the  assertion  of  Rees  {Phil.  Ma,;.  J.  5,  398, ; 
6,  201),  who  states  that  the  suprarenal  glands  and  the  blood  of  man  con^ 
tain  titanium. 


i 
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Preparation. — 1.  When  titaniferous  iron  ores  arc  fnscd  in  iron  sme 
ing  furnaces,  the  titanium  likewise  sepnnites  in  the  metallic  jttate,  and  i 
found  in  very  small  cubical  cry8tal!=.  Imth  in  the  slag  and  in  the  iron 
which  collects  in  cavities  in  the  hearth,  and  is  broken  up  when  the  stone 
work  is  renewed.  By  dissolving  out  the  iron  with  boiling  hydrochloric 
acid,  treating  the  residue  with  nqua-regia,  then  washing  away  the  gra- 
phite, and  lastly  separating  by  mechanical  means  those  portions  of  the 
slag  which  are  left  undissolved  by  hyilrochloric  acid,  the  crystals 
titanium  are  obtained  in  a  state  of  purity.  The  mass  may  also  1 
repeatedly  boiled  with  dilute  sulphuric  acid,  then  with  atjua-regia  to 
dissolve  the  ferrous  silicate,  and  afterwards  washed  with  water — ih8_ 
pieces  of  carbon  being  crushed  with  a  cork  "and  Wiushed  away.  Ti 
larger  fragments  of  silica  are  then  to  be  picked  out,  and  the  smaller  on 
removed  by  fusion  with  carbonate  of  potash  ami  digestion  in  w»t« 
the  residue  is  pure  titanium.  (A.  Werner, ./.  pr.  Clian.  10,  212.)  Wo 
laaton  discovered  these  crystals  of  titanium  in  the  iron-slags  of  Jlerthyr 
Tydvil  in  Wales;  they  had  also  been  previously  found — though  their 
real  nature  was  not  recognized — in  the  slags  of  the  iron-works  of  Low 
Moor  in  Yorkshire,  of  Pidding  in  Derbyshire,  of  Pontypool  in  Mon- 
mouthshire, and  of  Clyde  in  Scotland.  Recently,  they' have  been  re- 
marked by  Noggerath  (Katiln.  Arch.  4,  351),  Meyer  {Kiutn.  JrcA.  U 
272),  and  Hiinefeld  (.ScAw.  50,  332),  in  the  slag  of  the  Royal  Works  (' 
Upper  Silesia;  by  Karaton  {Pot/^.  3,  175)  in  a  Silesian  binrt-furu.nce; 
Walchner  {S'c/iw.  41,  80;  44.  47 >  in  the  iron  on  the  hearth  uf  a  bin, 
furnace  at  Kaudern,  in  the  Oberinnd  of  Baden;  by  Zinken  (/'w/y.  3,  I7i 
in  the  blast-fumnce  nt  Miigdesjirung  in  the  Hartx;  by  Laugi'er  {Bu 
J'hil.^  "*-;^>  102)  in  a  blaft-furn:ice  in  the  deportment  of  the  Mosell^H 
by  Karl  Stumni,  in  a  similar  niunner,  in  the  blast-furnaces  of  Fis„.^^^ 
Betlingon,  and  Abentheuer  near  Saarbriickcu.     The  specimen  /«undi^« 
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collection  by  Nagpemlli  (Scfita.  65,  385),  six  onuces  in  'weight,  and  oon- 
ei»ting  of  three-fourths  of  crude  titanium  to  one  fourth  of  pig-iron— 
«J)jioars  likewise  to  have  been  ohtainoil  from  one  of  these  ironworks. 
Blunienau  {Ann.  Pharm.  67,  122)  describes  n  specimen  of  tititnium 
found  in  ft  wiieltiug-furnaco  nt  Kiibelaud  in  the  Uartt,  the  weight  of 
which  was  nt  lca.st  SO  lbs. 

S.  Oxide  of  titanium  is  mixed  with  oil  or  a  small  quantity  of  char- 
coal, and  exposed  in  a  covered  crucible  to  the  strongest  heat  of  a  blaet- 
furnaco.  (Vauquclin,  Lampadius,  Laugier.)  The  reduction  or  nt  least 
the  fusion  of  the  reduced  metal  is  but  very  imperfectly  efl'ected,  Faraday 
(Gilii.  66,  188)  did  not  succeed  In  fusing  it  in  a  bla8t-furDac«  in  whicu 
Hessian  crucibles  wore  melted.  Berthiur  exposed  a  mixture  of  one  part 
of  rutile,  one  part  of  dry  carbonate  of  soda,  one  part  of  sulphur,  and 
rather  more  than  one-fifth  part  of  charcoal,  in  a  biack-lo:i<l  crucible  lined 
with  charcoal,  to  the  strongest  heat  \w  could  proiluce,  for  the  space  of  two 
hours;  and  obtained  a  mixture  of  titanium  fryttaliize*!  in  cubes  with  sul- 
phide of  titanium  and  a  compound  of  titanous  oxide  and  soda.  The  latter 
nc  separated  by  treating  the  mass  first  with  water  and  then  with  cold 
oil  of  vitriol,  after  which  he  removed  the  sulphide  of  titanium  by 
elutriation.  If  the  ignition  is  continued  for  a  shorter  time  only,  the 
product  contains  a  smaller  quantity  of  titanium  and  a  larger  quantity  of 
the  sulphide 

Th4s  reduction  of  the  mrtal  in  a  charcoal  crucible  is  generally  acoom- 
plished  in  the  following  manner: — 

For  the  fusion  either  an  assay  crucible  (of  the  form  of  a  cup)  is 
osed,  or  an  ordinary  crucible  attached  to  a  8n))port  of  burnt  day  by  a 
luting  of  moist  clay.  The  vessel  must  be  made  either  of  Hessian  or 
•onio  other  very  refractory  clay.  Either  a  thick  layer  of  lamp-black  or 
charcoal  powder  moistened  with  water,  paste,  or  oil,  is  pressed  round  the 
the  bottom  and  sides  of  the  crucible;  or  the  crucible  is  filled  with  a  stiff 
paste  of  charcoal  powder  and  thin  clay,  and  when  this  paste  is  dry,  a 
cylindrical  hole  reaching  nearly  to  the  bottom  is  bored  in  the  middle  of 
it  with  a  knife:  this  hole  is  called  the  bore. 

The  metallic  oxide  is  either  introiluced  into  the  cavity  alone;  or  it  U 
previously  made  into  a  thick  paste  with  oil,  by  which  means  its  volume 
IS  roduccil;  or  lastly  it  is  mixed  with  charcoal  or  lamp-blnck  besides 
the  oil.  The  quantity  of  charcoal  should  not  amount  at  most  to  raoro 
than  sufficient  to  convert  half  the  oxygen  of  the  oxide  into  carbonic  oxide 
(therefore,  about  3  parts  of  charcoal  to  every  8  parts  of  oxygen  in  the 
oxidi');  for  liinco  lite  sides  of  the  charcoal  crucible  likewise  absorb 
oxv'.'cn  from  the  metallic  oxide,  a  portion  of  combined  charcoal  may 
remain  in  the  mixture,  and  by  its  intervention  prevent  the  reduced  metal 
from  uniting  into  a  solid  mass — the  regulus  or  button.  The  reduction  is, 
however,  mure  rapidly  effecte«l  with  a  raodernte  addition  of  charcoal  than 
when  the  lined  crnciblo  is  alone  employe<l.  Formerly  a  flux  was  added 
to  the  oxide  of  titanium,  such  as  borax,  glass,  Sec.  This  addition  cer- 
tainly  fncililatcs  the  union  of  the  reduced  metal  into  a  button,  but  at 
the  i-nnic  time  may  cause  it  to  be  cfintamiuated  with  sodium,  silicinm.  Sec. 
After  the  oxide  of  titanium  has  been  strongly  compressed  into  the  bore, 
the  upper  jiart  of  the  crucible  is  filled  with  powdered  charcoal  or  lamp- 
black closely  preaseil  <lown,  and  the  cover  luted  on  with  clay.  It  is  then 
placed  in  a"  bla«f-fiiruace, — ,S<ftJilrom's  for  instance  (f<><ig.  1.5,  612)  or 
Mohr's  (..-Inn.  I'harm.  27,  220);  heated  to  redness  very  gradually,  so  a« 

iroveut  cracking;  and  afterwards  kept  at  a  white  heat  for  halian  honr 
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6«A  ftiet,  ootisiiitmg  either  of  small  {lieces  of  cluuooal  or  of 
edce  being  frMiMiit1j»(l>letl— ao  that  the  crucible  may  be  eott&taotljr  sv- 
raaaJed  with  ignited  material — and  the  fire  frequently  Gtirred  will)  t 
pok«r,  l«st  kn  empty  space  nhould  be  funned  in  the  furnace  and  caus«  ike 
crocible  to  fall  over.  The  fire  is  then  allowed  to  bum  down  wlthoei 
f?  -  -  -  t!ie  Ms«t,  till  the  crucible  can  be  laid  hold  of  with  the 
1  :ic  is  then  discontiuned,  and  the  crucible  carefully 

b«iorf   me  elag  by  which  it  is  attached  to  the  furnace  has  bmd. 
tthiity;  il  i*  then  left  to  cool  slowly. 

3.  When  a  mixture  of  potassium  and  anhydrous  fluoride  of  titan! 
■ad  notaMium  i«  heated,  the  titanium  is  set  free  with  vivid  incandi 
Uie  flaoride  of  potassium  may  then  be   removed  by  digestion  in 
(Beraelius.) 

4.  When  chloride  of  titanium  and  ammonium  is  sublimed  in  a  g\lM 
l«i)>e  or  Husk,  the  titaninm  remains  lichind  in  thin  scales.    (H.  Rose.) 

.  I  '  i)>j.  21,  25'J)  half  fills  a  glass  tube  three  feet  long  and  half  aa 

I  i;  iineter,  itiite  loosely  with  the  double  chloride  of  titaninm  and 

■■HTXiiiim;  In'  -  ntallv  in  a  furnace;  passes  a  continuous  current 

anaomiaral  pi-  <t;  then  heats  the  empt}-  part  first;  and  gradually 

QXtvods  the  fire  lu  the  other  extremity  till  the  glass  becomes  soft.      T 
colder  end  of  the  tube  is  kept  free  frura  the  condensed  chloride  of  ammo^ 

bhuB,  which  might  otherwise  stop  it  up,  by  means  of  a  small  glaas  rvd. 

rTke  titaninm  is  completely  reduced,  but  must  not  be  removed  from  Um 
tah«  till  the  whole  has  become  cold,  as  otherwise  it  will  take  fire. 

5.  A  mixture  of  sodium  and  amniouio-chloride  of  titaniara 
Bnbbed  to  powder  during  winter  in  an  agate  mortar,  but  without  stroi 
raiuuiirr  Should  any  part  of  it  take  fire,  the  combustion  may  be  p 
pyutltd  from  extending  by  covering  the  burning  {Kjrtion  with  a  fr 
Msaatity  of  the  amniuiiio-chloriJo.  The  mixture  is  then  introduced 
Hoicklr  as  possible  into  a  capacious,  long-necked  glass  flask;  the  stoppi 
■•— (hraugli  which  a  glass  tube  bent  at  right  aogle«  passos-^immediatel 
BBMrt«d,  and  heat  applied  by  meaus  of  an  arganJ  spirit-lamp.  Reducti 
ICakm  plaoo,  accompanied  by  a  violet  light  and  formation  of  a  slighl 
li^oad  of  metallic  titanium,  a  portion  of  which  is  projected  from  the 
t*esB«l.  Part  of  the  ammonio-ckloriJe  of  titaiiium  likewise  sublimes  in 
nia  original  state.  The  mass  when  cold  is  treated  with  water  contain- 
mkg  bydrochioric  acid,  and  the  black  titanium-powder  is  thr<^iwn  on  a 
pitar  and  waahed  with  water,  to  which  a  constantly  decreasing  proportion 
Bpf  kydrodilaric  acid  is  added.  If  pure  water  is  used,  the  finely  divide^H 
PSmuI  pMMs  through  the  filter.  (H.  Rose.)  ^ 

Clarke  states  that  be  has  obtained  from  oxide  of  titaninm  before  the 
oxy-kydrogen  blowpipe,  a  silver-white  metallic  globule. 

Prcpertiet,  Titanium,  as  obtained  by  the  first  method,  has  the  for^^| 
of  rery  small  cubes,  whose  laces  often  exhibit  stop-like  indentationJH 
(Wolkston.)  Cleavage  pMallel  to  the  faces  of  the  cube  (W.  Philli^^H 
Mtad  likewise  to  those  of  a  rhombic  dodecahedron  (Walchner);  pM^fl^^| 
Itbe  faces  of  an  octohedron,  and  leas  distinctly  parallel  to  those  ^I^H 
leobe  (Noggcrath).  Specific  gravity  =  528  fKarsten);  53  (Wollaston^| 
IScnilehes  steel  and  rock-crystal.  (Wollaston.)  Vcrv  brittle.  Of  UD^H 
Uowish  copper  colour  and  high  metallic  lustre.  (Wolla^ton.)  Diffi^|^H 
nowder;  when  pounded  it  exhibits  a  reddish  yellow  colour.  (Wale^^^H 
■Yases  only  at  the  most  intense  white  heat.  Ziukeu's  statement  (•^'^^^^H 
ll€0),  that  titauinm  is  rolatilijed  at  the  heat  of  a  powerful  bla«t-funi^| 
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requires  confinuation.  Titaninm  is  a  Tcry  good  conducUir  of  electricity; 
when  it  retains  a  trace  of  iron,  it  i«  slightly  magnetic,  but  not  othorwi^t'. 
(WoUaston.)  Titanium  prepared  by  the  second  method  is  generally  pulve- 
rulent; according  to  V'auiiueliu  and  Lampadius,  it  is  copper-coloured,  but 
according  to  Laugier,  golden  yellow ;  Berthier  obtained  it  iu  copper- 
coloured  cubes. — That  prepared  by  the  third  method  has  the  form  of  a 
black  powder,  which  under  the  buruishing  steel  nssunies  the  nictiillic 
lustre.  (Berzelius.) — Titanium,  as  obtained  by  the  fourth  method,  has  the 
form  of  a  dark  violet-blue  powder,  or  of  cohering  scales  exhibiting  a  cop- 
pery lustre.  (Liebig.)  That  portion  of  the  metal  which  adheres  in  a  fine 
film  to  the  glass,  reflects  light  of  a  red  colour  aud  transmits  it  green.  (H. 
Rose.) — The  titanium  prepared  by  the  fifthmethod  takes  the  form  of  a  bluish 
black  powder,  which  by  pressure  acquires  metallic  lustre  aud  the  colour 
of  copper.  (II.  Hose.)  T  Herzelius  distinguishes  two  allotropic  modifica- 
tions of  titanium,  which  he  calls  rehjjectively  Ti  a  and  Tiff;  Ti  a — 
prepared  by  Rose's  method  from  bichloride  of  tilauiuni  by  means  of  ammo- 
tiia,  takes  Gre  when  heated  in  the  air  and  bums  vividly,  yielding  titanic 
acid;  it  is  oxidized  by  boiling  nitric  acid,  and  readily  dissolved  by  aqua- 
regia.  Ti  0,  on  the  contrary,  which  is  the  mudilication  obtained  by  tlie  ordi- 
nary methods,  is  well  known  to  resist  the  action  of  heat  aud  strong  acids.  H 

Atomic  uieiglU  of  titanium:  24295  (H.  Rose);  23C65  (Mosander);  tho 
an  being  about  24.     H  3147  or  25'17  (Pierre,  Ann,  Chim.  Piiys.3, 
0,  2i7).  ^ 

Covtpoundt  of  Titanium, 

Titanium  and  Oxygen.  , 

A.  TiTANocs  Oxide. 

The  following  experiments  render  probable  the  existence  of  an  oxide 
'  titanium  containing  leas  oxygen  than  titanic  acid. 

If  titanic  acid  ma<lo  into  a  paste  with  oil  is  exposed  in  a  charcoal 
crucible  for  six  hours  to  the  heat  of  a  blast-furnace,  the  outside  api>car8 
covered  with  a  brown  crust;  within  this  is  a  stratum  full  of  cavities  con- 
taining gold-coloured  particles,  probably  consiisting  of  metallic  titanium; 
and  in  the  centre  is  a  denser  mass  composed  of  small,  bluish- black,  shining 
needles  [probably  titanous  oxide].  (Laugier.) 

When  titanic  acid,  unmixe<l  with  any  carbonaceous  matter,  is  strongly 
ignited  in  a  charcoal  crucible,  tho  raaj-s  becomes  coated  externally  with  a 
crvstiilline,  copper-coloured  crust  of  titanium;  but  in  tho  interior  there  is 
formed  a  black  substance,  producing  a  grey  and  somewhat  brilliant  streak, 
not  dissolved  by  any  acid,  even  by  a  mixture  of  hydrofluoric  and  nitric 
acids ;  very  t^lowly  oxidized  when  ignited  in  tho  air,  and  scarcely  oven 
by  fusion  with  nitre;  and  lastly,  dissolving  in  microcosmio  salt  before  the 
blowpi{>o  to  a  black,  dark  red,  or  hyacinth-coloured  gloss.  ^Berzelius.) 

Titanic  acid  heated  to  whiteness  in  a  charcoal  crucible  by  itself,  loses 
only  5  or  6  per  cent,  of  oxygen;  the  resulting  block  mass  is  probably, 
tliorcforc,  a  mixture  of  titanic  acid  with  titanous  oxide.  It  imparts 
an  amethyst  colour  to  glass,  and  forms  wine- red  solutions  with  tho  stronger 
acida,  but  not  with  acetic  acid.  From  these  solutions  ammonia  precipi- 
tates a  beautiful  blue,  gelatinous  hydrate,  which,  however,  is  rapidly 
decomposed  by  tho  water  at  ordinary  temperatures,  and  converted  into 
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white  titaiiio  aeid.  When  titanic  acid  mixed  'with  IS  per  cent,  of  dar- 
coal,  is  stroii^lv  ignitc<t  in  a  charco:i1  crucible,  it  loses  from  13  to  16  per 
cent,  of  oxygen,  and  is  converted  into  a  yellowish  brown,  j,'rauiilar,  very 
friable  mase,  having  a  metallic  lustre.  With  24  per  cent,  of  charcoal  the 
titanic  acid  loses  at  most  20  per  cent,  of  oxygen,  and  leaves  a  cake 
oolonred  black  by  admixture  of  charcoal. — In  these  exjieriments  with 
charcoal,  titanous  oxide  is  probably  formed,  sarroonded  with  mctallio 
titanium.  (Berthier,  Ann,  C/iim.  Phi/a.  .iO,  374.) 

When  titanic  acid  is  ignited  with  filings  oi  purified  sine  in  ft  oorerod 
crucible  till  the  latter  passes  oflT  iu  vapour,  and  the  rest  of  the  zinc  sepa- 
rated by  means  of  hydrochloric  acid,  the  titanic  acid  remains  unchanged 
in  weight,  in  the  form  of  a  black  powder,  which,  when  ignited  in  the  air, 
becnmev  white  again  without  increase  of  wcii,'ht.  (H.  Rose.) 

In  the  above  experiment  of  Rose,  a  black  powder  is  obtained  if  the 
temperature  is  raised  only  to  low  redness;  bat  if  one  part  of  titania 
aeid  is  introduce<l  with  10  parts  of  zino  into  a  glass  flask,  the  neck 
of  which  is  drawn  out  to  a  small  diameter,  and  the  vessel  is  then  heated 
in  an  earthen  crucible  filled  up  with  i^and,  till  all  the  zinc  is  sah- 
limed,  the  residue,  after  being  treato<l  with  hydn>chloric  acid,  yields  a 
deep  iudigo-bluo  powder.  A  dirty  blue  powder  is  likewise  obtained, 
when  v.ipour  of  zinc  i.s  passed  over  titanic  acid  (or  acid  titanate  of  soda), 
ignited  in  a  porcelain  tube,  and  the  greeniah-blue  ma«s  is  freed  from  zioe 
and  cndmiura  by  digestion  iu  hydrochloric  aciil.  The  blue  powder,  when 
ignited  iu  oxygen  gas,  increa-scH  somewhat  in  weight,  and  assumes  a  dark 
yellow  colour  which  becomes  paler  on  cooling;  after  this  treatment,  hydro- 
chloric acid  dissolves  out  fresh  portions  of  xinu  and  cadmium.  (Kersten, 
Poff'f.  .50,  313;  also  J.  pr.  Chem.  20,  .373.) 

Clay  containing  titanic  acid  is  turned  blue  by  ignition  with  de-oxidizing 
suhstanccs.  Miitflos  matle  of  the  titaniferoas  clay  of  Cracow,  which  hare 
been  used  for  the  distillation  of  zinc,  become  partially  vitretied,  and  then 
assume  a  beautiful  violet  blue-colour.  Aleissner  porcelain-clay  made  into 
a  pasty  mass  with  oxide  of  zinc,  charcoal,  sugar,  and  water,  and  ignited  fint 
gently  and  afterwards  strongly  iu  a  crucible  with  the  cover  lutetl  doim, 
fiometimes  acquires  a  light  blue  colour,  and  sometimes  l>ecome8  black 
from  a<lmixture  of  charcoal;  but  in  the  latter  case  it  may  be  turned  blot 
\)y  gentle  ignition  in  the  nir.  The  clay  does  not  acquire  a  blue  colour 
without  the  addition  of  oxide  of  zinc.  Tiie  mixture  of  titaniferutis  niari 
and  coke-dust  iu  the  hearths  of  the  Freiburg'  blast-furnaces  exhibits  • 
lavender-blue  colour  at  the  end  of  the  smelting  process.  (Karstcn.) 

Many  fluxes,  in  which  titanic  acid  is  dissolved,  are  coloured  violet- 
blue  by  deoxidizing  agents: — t.  g.,  borax  or  microoosmic  salt,  by  th« 
action  of  the  interior  blowpipe-flame.  (Berzelius.) 

A  mixture  of  potash  or  sodugla^s  with  titanic  acid,  fused  in  a  orneiblo 
the  sides  of  which  are  covered  with  zinc,  or  a  mixture  of  oxide  of  cine  M 
and  charcoal,  yields  either  a  black  or  a  dingy  violet-coloured  gliws.     A  I 
mixture  of  silica,  alumina,  lime,  and  5  per  cent,  of  titanic  aciil,  simikriy      ' 
treated  with  zino,  gives  a  lavcuder-blue — and  with  tin  instead  of  zinc,  a      i 
beautiful   blue  enamel;  with  10  per  cent,  of  titanic  acid,  the  colour  ii  M 
deejier;  a  powerful   heat  and  the  total   exclusion  of  atmospheric  air,  art  I 
necessary  for  the  success  of  this  operation    (Karsteu.)     The  blue  colour 
of  many  slags  is  also  due  to  the  presence  of  titanous  oxide.  (Berthier.) 
The  blue  colour  of  many  of  these  nlugs,  however,  is  not  canted  by  tita- 
nium, but  by  their  conversion  into  Beaiunur's  porcelain.  (Fournet.)  [ViA 
Xli.,  o85.J 
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Zino,  tin,  and  iron,  and  likewise  copper,  when  aided  by  beat,  first 
apart  a,  violet  or  red  colour  to  the  solution  of  titanic  oxitfe  in  various 
ids,  and  tben  preci|>itato  a  powder  of  tbe«amo  colour,  possibly  consisting 
titamius  oxide  combined  witb  oxide  of /.ini-,  &e.  Tbe  same  precipitate 
obtained  on  uildini;  an  alkali  to  tbe  solution  coloured  by  tbe  above* 
entioned  nietaU.  Rut  wbctbor  obtained  by  tbe  slow  action  of  tbes 
etals,  or  by  tbe  addition  of  an  alkali,  it  ia  soon  converted  into  wbit^' 
tonic  acid,  sometimes  by  tbe  action  of  tbe  air,  sometimes  wben  tbe  air 
excluded  (according  to  H.  Rose  and  Bertbicr),  by  tbe  decom]>08ition  of 
atcr.  By  a  careful  addition  of  alkali,  according  to  Berthier,  white 
tonic  acid  is  first  precipitated,  and  then  the  coloured  titanoue  oxide. 

%  Sesquioxide  of  Titanium. — When  anhydrous  titanic  acid  is  very 
igly  ijfnited  in  a  current  of  dry  hydrogen  gas,  it  becomes  black  and 

, Con>(iilerably  in  weight.      From  a  determination  of  the  actual  loss  of 

i'eight,   Ebclraen  concludes  that    sesquioxide   of   titanium    ia   jirixluced. 

"he  residue  is  not  acted  on  by  nitric  or  by  hydrochloric  ocitl,  but  dissolvea 

in  sulphuric  acid,  forming  a  riolet-coloured  solution.    (Ebeliuen,    Ann. 

Chim.  I'hyt.  20,  385.)  7 


B.  TiTAMc  Oxide  or  Titakic  Acid,  TiO'. 
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BinoxitU  of  Titanium,   Ojci/d«  (U  Tilanf. — Found   native  aa  Buttle 
and  Anatate. 

Formation.  Tbe  metsti  prepared  by  tbe  first  method  undergoes  no 
alteration  in  the  air,  at  onruiury  tern [lomtu res;  at  a  red  beat  it  is  slowly 
oxidised,  fir»t  becoming  black,  and  uitinmtcly  changing  into  the  white 
oxide.  (Wollostiin.^  The  metallic  laminie  obtaini'd  by  the  fourth  method 
burn  when  heated  in  tbe  air,  and  form  titauio  acid  (H.  Romi,  Liebig);  the 
powder  obtained  by  the  lifth  method  burns  with  ttill  greater  facility. 
(H.  Kobe )  The  metal  prci)arod  by  the  first  method  is  superficially 
oxidized  by  nitre  at  a  re<l  beat,  and  acquires  a  purple  or  blue  colour; 
borax  uiid  carbonate  of  soda  act  only  in  proportion  to  tlie  tendency  of 
the  metal  itself  to  oxidize  in  the  air.  The  addition  of  nitre  a«  an 
oxiiliziug  agent  to  borax,  together  witb  a  small  ({uautity  of  cur}M)nate  of 
soda  to  promote  the  union  of  the  borax  with  tbe  nitre,  causes  the  titanium 
to  dissolve  rapidly  in  the  bonix  in  the  form  of  titanic  acid;  from  the  fuiicd 
maas,  wat«r  separates  a  white  powder  (acid  titiuiate  of  so<la)  which  ia 
soluble  in  acids.  (Wollaston.)  Titanium  exposetl  at  a  red  heat  to  ti 
urreut  of  steum,  is  converted,  with  nipid  disengagement  of  liydrogeu  gM, 
_Bto  titanic  acid.  (Reguault,  Ann.  Cliiin.  Phyt.  02,  Z^i.)  Titauiuui  pr»- 
^red  by  the  first  meilio<l  is  neither  dis*olved  nor  oxidi7,i*d  by  sulpburio, 
hydrochloric,  hydrofluoric,  nitric,  or  nitro-hydrochlorio  acid,  not  even  at 
the  boiling  points  of  these  liquids  (Wollaston);  but  it  dissolvts  in  a  hot 
Biixturo  of  nitric  and  hydrofluoric  acids.  (Berzolius.)  The  metal  obtained 
by  the  fourth  method  Ls  not  soluble  in  hydrochloric  acid,  and  dissolves 
rilh  great  dilliculty  in  hot  nitric  aciiL,  but  more  readily  in  aqua-regia  ;  that 
cpared  by  the  fifth  method  dis«olvea  witb  greater  lucilily.  (H.  Rose.) 

I'rqxuation.     The  tfub«tanoe«  from  which  titanic  a«iil  is  extracted, 

rulile  (titaniu  aciil,   c^iutauiinatod  with  ferric  oxide,  and    niaogituie 

ie,  and  sometimes  also  with  stannic  oxide,  silica,  and  alumina)    and 

erous   iron   (titanale   of   fcrroud  oxi<le).     The  latter  may  bo  fread 

neuter  |>art  of  the  iron  by  repeated  boiling  witli  freitli  ^oaiUities 

ioric  acid. 
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I.  Oa*  part  of  powdered  ratile  or  tit«niferoiis  iron,  after  digestion  in 
lijrdrorlitoric  acid,  is  fused  with  '2  ports  of  hydrate  of  potoi^h   in  a  mlwr 


crucible  (Ijiugier),  or  with  3  parts  of  carbonate  of  potash  (H.  Rose),  it  a 
platinnni,  silrer,  bhirk-lead,  charcoal,  or  e&rtheu  crucible.  The  mass  is 
then  digested  with  cold  water,  and  the  insoluble  acid  titAoate  of  ptituL 
eoataiiuiiat«d  with  aesquioxide  of  iron,  is  washed  with  the  same  li<|ui(l  till 
it  begins  to  poas  throngh  the  filter  and  render  the  wash-water  niilkj. 
The  solution  contains  the  excess  of  potash  in  combinatiun  with  nian^nic 
Mid,  stannic  acid,  silica,  alumina,  and  a  trace  of  titanic  acid;  siti  soon  a* 
th«  water  ceasM  to  eontMn  any  considerable  quantity  of  free  potacdi,  the 
mcid  titanate  of  potash  is  carried  with  it  through  the  filter.  For  the  sepa- 
tmtiea  of  the  aesquioxide  of  iron,  the  following  method:^  are  employed  : 

a.  The  washed  residue  is  dissolved  in  cold  concentrated  hydrochloric 
acid — an  operation  which  takes  a  long  time — and  the  solution,  diloted 
with  water,  filtered,  and  heated  to  the  boiling-point — the  more  complrte 
precipitation  of  the  oxide  of  titanium  being  promoted  by  the  addition  of 
oxalic  acid  or  oxalate  of  ammonia.  Lastly,  the  precipitate  is  well  washed 
Mid  ignited.  (Laogier.)  Instead  of  oxalic  acid,  sulphuric  acid  may  also 
be  Dsed.  In  either  ca^e,  however,  the  oxide  of  titanium  carries  down 
with  it  a  portion  of  ferric  oxide,   by  which,  after  ignition,  it  is  slightly 

•  tinged  with  yellow  even  when  cold.  (H.  Rose.) 
6.  The  solution  of  the  washed  precipitate  in  concentrated  hydrochlorio 
aeid  is  diluted  with  water,  filtered,  and  kept  in  a  state  of  ebullition  for  a 
considerable  time — by  which  means  nearly  all  the  titanic  acid  (mixed 
with  iron  and  manganese;  is  precipitated.  The  precipitate,  while  still 
hot,  is  thrown  upon  a  filter,  and  washed  with  boiling  water  acidulated 

■  with  hydrochloric  acid ;  because  when  washed  it  with  pure  water,  especially 
if  cold,  it  runs  through  the  filter.  The  acidulated  water  dissolves  a  small 
quantity  of  the  oxide;  but  it  may  be  recovered  by  evaporating  the  liquid. 
To  free  the  washed  titanic  oxide  from  all  traces  of  oxide  of  iron,  it  is  dis- 
solved, while  freshly  precipitated,  in  .'•trong  hydrochloric  acid,  and  again 
precipitated  by  dilution  in  water  and  boiling.  It  is  then  washed  with 
boiling  water  acidulated  with  hydrochlorio  acid,  and  the  same  operatioDi 
repeated  five  or  six  times,  till  a  jwrtion  of  the  titanic  oxide  thus  obtaiiird 
exhibits  a  snowy  whiteness  after  ignition  and  cooling.  A  considerable 
quantity  of  titanic  oxide  remains  in  the  acid  filtrates;  but  it  may  be  reco- 

■  vered  by  precipitation.  (H.  Rose.) 
c.  The  hydrochloric  acid  solution  of  the  washed  residue  is  precipitated 
by  ammonia,  nnd  the  washed  precipitate,  consisting  of  titanic  acid  chemi- 
cally combined  with  the  oxides  of  iron  and  manganese,  is  digested  with 
hydrosulphnte  of  ammonia,  which  dissolves  any  oxide  of  tin  that  mar  bo 
present,  and  converts  the  sesquioxides  of  iron  and  mnngancpc  into  hydr»- 
Bulphates  of  the  protoxides,  which  are  then  removed  by  hydrochloric  acid, 
the  titanic  acid  being  left  behind  in  a  state  of  purity.   (H.  Rose.) 

d.  The  hydrochloric  acid  solution  is  mixed  with  tartaric  acid  and 
water;  supersaturated  with  ammonia — which,  when  a  sufficient  quantity 
of  tartaric  acid  is  added,  produces  no  precipitate ;  the  iron  and  manganese 
precipitated  by  hydrosulphate  of  ammonia;  the  solution  filtered  andevapo- 
trated  to  dryness;  and  the  reaidae  ignited  under  a  muffle;  the  pure  oxide 
then  remains  behind.  The  oxide  of  titanium  obtained  by  this  pi 
may  be  cuntaminatcil  with  lime,  since  commercial  tartaric  acid  con 
portion  of  that  substance.  (H.  Rose.) 

e.  The  washed  residue  is  dissolved  in  cold  hydrochloric  acid  of  inediam 
strength;  the  eolation  dilated  with  a  very  large  qimntity  of  water;  then 
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satoratpd  with  bjdrosulphurio  acid;  filterod,  in  case  any  precipitate  of 
Eulphiilc  of  tin  is  formed;  and  t'ue  titanic  acid,  together  with  hydrosul- 
pliate  of  ferrous  oxide,  precipitated  from  tlie  tiltmlc  in  a  close  veBi>el  by 
aiiinionis.  The  wliole  is  tLeu  allowed  to  settle  quietly;  the  clear  liquid 
decanted  ofl";  the  precipitate  treated  with  an  aqueous  solution  of  sulphur- 
ous acid  in  excess,  to  diiiiiolve  the  ferrous  hydrosulphate;  and  the  insoluble 
residue  of  titanir  aiid  lastly  washed  and  ignited.  (Bertbier,  Ann.  Chim, 
Phyt.  50,  362;  also  Ann.  Vhaitn.  5,  240.) 

/.  The  hvilrochloric  acid  Solution  of  the  titanic  acid  containing  sesqni- 
oxide  of  iron,  i.-s  boiled  with  an  excess  of  sulphide  of  ammonium  as  long  as 
the  precipitate  tir^t  formed  continues  to  increase.  It  is  then  filtered  and 
wjMued,  out  of  contact  of  air,  to  prevent  the  iron  from  becoming  oxidized 
and  thereby  precijiiUitcd.  The  whole  of  the  iron  remains  dissolved  in  tbo 
liquid,  in  the  form  of  ]  rutoxide;  but  every  trace  of  the  titanic  oxide  is 
precipitated.   (Berthicr,  N.  Ann.  Chim.  Phiji.  7,  85.) 

2.  Hydro-sulphuric  acid  gas  is  passed  over  finely  pounded  titaniferous 
iron  or  rutile  strongly  ignited  in  a  porrclain  tube,  as  long  ns  water  con- 
tinues to  be  formed.  Tne  resulting  mixture  of  titanic  acid  and  sulphide 
of  iron  i-i  digested  with  concentrated  hydrochloric  acid,  which  dissolves 
the  iron  with  disengagement  of  hydro.su!phuric  acid  and  ]>recipitation  of 
sulphur;  sind  the  remaining  titanic  acid  is  washed  with  water  and  ignited. 
As  it  still,  however,  retains  a  portion  of  iron,  and  consequently  exhibits  a 
T<e<ldisli  colour,  the  same  process  is  once  more  repeated;  it  ia  then  obtained 
perfectly  white  and  ])ure.  Ferruginous  titanic  acid  may  always  be  puri- 
fied in  this  manner.  If  tlio  porcelain  tube  is  not  ignited  very  strongly, 
the  titnnic  ncid  which  is  obtained  pusses  through  tho  filter  on  being 
washed.  A  better  process,  however,  is  the  following :  The  purified 
titaniferous  iron  is  fused  in  a  hessian  crucible  with  sulphur,  and  tho 
resulting  mixture  of  titanic  acid,  suljihide  of  iron,  and  sesquioxide  of  iron 
(from  the  action  of  air)  is  treated  with  hydrochloric  acid,  Tho  titanic 
■cid,  which  is  still  red  from  the  presence  of  iron,  is  washed  and  ignited, 
and  la.stly  heated  to  redness  in  a  porcelain  tube,  and  subjected  to  the 
Ution  of  hydrosulphuric  acid  as  above.  (H.  Rose.) 

3.  A  mixture  of  one  part  of  finely-divided  (itaniferout  Khorl  with 
from  I  to  2  jmrts  of  carbonate  of  soda,  and  ^  to  1  part  of  sulphur  is 
thrown  into  a  red-hot  crucible  by  small  portions  at  a  time,  in  proportion 
as  the  mass  subsides.  The  whole  is  then  kept  at  a  moderate  red  heat  for 
some  time,  whereby  it  is  reduced  to  a  pasty  consistence.  The  resulting 
black  mass,  which  has  a  jet-like  lustre,  and  contains  the  greater  part  of 
the  titiinium  in  the  state  of  titanous  oxide,  is  powdered  and  difi'ui'ed  in 
boiled  water;  the  liquid  decanted;  and  the  insoluble  portion  treated  in 
the  cold  with  dilute  sulphuric  acid,  whereby  the  whole  of  the  iron  and  a. 
portion  of  tho  titanous  oxide  are  dissolved.  The  latter  is  then  prccipitate<l 
from  the  solution  by  the  cautious  addition  of  carbonate  of  soda,  while  tho 
protoxide  of  iron  remains  dissolved.  The  portion  left  undissolved  by 
tho  dilute  sulfdmric  aciil.  i.'<  gently  heated  with  oil  of  vitriol;  and  a  solu- 
tion thus  obtained,  consisting  of  titanous  oxide  nearly  free  from  iron. 
The  portion  not  dissolved  by  the  oil  of  vitriol  is  a  mixture  of  carlion  and 
titanic  acid,  which,  after  roasting,  is  obtained  perfectly  white  and  free 
from  iron.  It  is  better  first  to  fuse  the  rutile  with  the  carbonate  of  soda 
in  a  silver  crucible,  and  afterwards  the  powdered  mass  with  sulphur  in  a, 
crucible  lined  with  charcoal.   (Bertbier.) 

4.  A  mixture  of  powdered  rutile  and  carbonate  of  soda  is  exposed  in 
k^  cluuooal  crucible  to  tho  heat  of  a  bUst-farnace;  the  black  orystalline 
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□nlatcil  irou.  The  p-cat€r  portion  of  the  iron  which 
>  the  sieve,  m  ^cporatetl  by  luenoa  of  a  tnagaet,  *ii<l  th«  rart 
iiy  concentrated  Lydroclilorio  acid,  which  at  the  same  Utm 
portinn  of  titanous  oxide,  aiid  acqaifM  a  wine-red  coIdcc 
1 1  ocUloric  ncid,  i»  boiled  with  oil  of  vitrioL  n 
and  iLc  solution  cvaponted  to  dryncat  aai 
till  n  remains,  together  with  a  trace  of  iron.  (BcrthMT, 
0,  304.) 
CitloriUc  uf  titaninm  prepared  from  ntile  by  the  second  method 
(III.  470)  ■«  dinsolvcd  in  water,  aud  tie  titanic  oxide  precipitated  bj 
ammonia  and  i^ited. 

p.:-i„-i',,, — SaliV*  Titanir  Aeid  occurs   in  two  dimorphous   state*: 
%.  /.'  ii/Wvxa  Sf^orl — Crystalline  eyslem  the  square  pntnatie: 

Fifi.  > '.  ..',  i  V'  <^''-  **'>thout  the  p-fac<.-,  but  with  a-facc8  (of  the  secoM 
aquare-lntted  octoboiron),  and  baring  tbe  lateral  ed^s  between  q  ud  i 
replaced   by  planes  /whereby  a  sixtt«on-8idcil  prisni   is   f.)nned);  also  f 
other  forms,  fspinjially  heinitropic  matle-crystals;  e  :  e'  =  123'  4';  tt  :  q: 
1 2*2"  51';  cleavajre  pftrallcl  to  q  and  r.  (Hauy.)     Specific  t7ra\-ity  =  4'24t ' 
(Mohs.)      Softer   than    ijuarlz.      Traudlucent ;    browniah-reJ ;    yields  a 
browniab-yellow  jiowder. 

b.  Anat/u«. — Cryt<tallioe system  the  square  prisraatio.     Acate  aqnore- 
baaad  octohe<ln)n8,     /"ly.  21,  fre<jucntly  tmncated  (p-face),  or  accut  *" 
Bated    with    four    faces.      Fu/.  22,  e  :  e'  =  9'-  3Sf;    c  ;  f *  =  137'  K 
/>  :  e  =  1 1 1^  25';  oleava^  parallel  to  e  and  p.  (Hauy.)     Specific  "^ravit 
=  3'826  ^Mobs.)     Harder  than  apatite.     Translucent;  Line,  inclining  I 
br«wo,  red,  and  olack;  yields  a  greyish-white  powder. 

%  Broohte,  discovered   bv  Soret  and   descril>ed  by  Levy,  Kelon^fs 
the  ripbt  pri«malic  system ;  lia.9  precisely  the  colour  and  lustre  of  nitil» 
aud,  like  that  mineral,   ie   iiisoloble  in   all  acids  except  boiling  oil 
vitriol.     Oecurs  in  opoipie  crystals  of  t!j>ocific  gravity  4'107  ...  4'165;  iCi 
density  is  increased   by  ijniition.     A  specimen   from  Snowdon.  analri 
bv  Rose,   contained,  licaides    titanic    acid,   only    1*41   per  cent,  of  irvn 
(k.  Rose.)  H 

Anijicml  Titanic  Aciil. — White   powder,    of  specific  gravity  3931  Ij 
assumes  a  yellow  colour  when  heated.     When  precipitated  by  ammouit 
and  subsequently  igtiited,  it  appears,  according  to  H.  Rose,  as  a  brownish^ 
solid  mass,  having  a  diamond  lustre  and  resembling  rutile. — Ta.steless; 
reddens  only  that  portion  of  tincture  of  litmus  which  it  absorbs.  (H.  Rii«e.)j 
Fuses  only  before  the  oxyhydrogcn  blowpipe. — [For  its   behaviour  witi 
fluxes,  see  page  486  ] 

%  According  to  H.  Roae  (.^nn.  Pharm.  53,  S67),  titanic  acid  is  ana*  ' 
reptible  of  two  modifications  corrc>i|:ionding  to  tiiose  of  the  metal ;  (rid!, 
Silicium,  p.  352).  TiO'a,  is  precipitated  from  solutions  uf  titanic  aoia  by 
ammonia,  and  is  soluble  in  dilute  acids,  both  in  the  moist  state  and  afW 
careful  drying ;  moreover,  its  solution  may  bv  diluted  with  cold  wat«r 
without  becoming  turbid.  It  becomes  incandescent  when  ignitod.  TiO'fi 
is  thrown  down  on  boiling  n  solntion  of  the  acid  in  a  strtmger  acid,  (as  the 
hydrochloric)  and  may  also  be  obtained  by  igniting  TiO'a.  It  is  ina»- 
luble  in  all  acids  except  boilinff  oil  of  vitriol,  in  which  it  dissolves  olowly;  j 
does  not  emit  light  when  iguitod,  and  recovers  its  original  whitaneai  9B 
aooUng.  Y 
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•no*  =  80S'66  +  200  =»   503'66.     (BeneUos.) 

DeeompoBitinni. — 1.  By  potassinm  or  sodlnm  at  a  red  heat,  witL 
moderate  incandescence;  the  product  beinj:;  potash  or  soda,  und  a  black 
powder,  which  is  not  susceptible  of  nietallii;  lustre,  and  appears  to  be  a 
mixture  of  titanium  and  titanic  acid  [or  titauous  oxide?].  (H.  Rose.) — 

2.  By  charcoal  at  a  white  lieat,  it  is    reduced  to  the   metallic   state.— 

3.  With  bisulphide  of  carbon,  at  a  strong  red  heat,  it  yields  carbonic  acid, 
carbonic  oxide,  and  sulphide  of  titanium.  (H.  Rose.) — Hydro.iulphurio 
acid  imparts  a  black  colour  to  ijernitid  titanic  acid,  but  the  blackness  is 
removed  by  subsequent  ignition  in  the  air.  (H.  Rose.) — Hydrogen  gas  and 
carbonic  oxide  do  not  aft'ect  titanic  acid  at  a  red  heat.  According  to  Pfaff, 
the  Norwegian  rutile,  when  exposed  to  the  oxy-hydrogen  blowpipe-flame, 
fuses  at  (irst  to  a  slag,  and  is  then,  apparently,  reduced  to  a  metallio 
globule,  [iron!]. 

Combinations. ^-a.  With  water:  Hydrate  op  Titanic  Acid. — Prepared 
by  precipitating  a  solution  of  titanic  oxide  in  an  acid  by  means  of  an 
alkali,  or  by  decomposing  titiinatc  of  potnsh  with  hydrochloric  acid. — 
White;  ana,  when  recently  precipitated,  flocciilciit  and  bulky;  sometimes 
also  rather  gelatinous,  eKpccinlly  when  prepared  by  the  second  procesa. 
When  washed  with  water,  it  passes  through  the  filter  in  the  form  of  a 
milky  liquid,  and  at  the  same  time  clogs  up  its  pores;  this  inconvenienco 
however,  does  not  occur  if  the  water  is  mixed  with  an  acid,  an  alkali,  or 
a  salt.  The  hydrate  precipitated  hy  boiling  a  dilute  solution,  becomes 
covered,  while  drying,  with  a  brown  shining  film.  (Rose.)  The  hydrate 
loses  its  water  when  heated,  blackening  at  first  and  then  emittirig  a  feeble 
light.  (Chcvreul,  Ann.  C'/iim.  Phyt.  13,  240.)  Whether  the  precipitated 
titanic  acid  contains  anything  more  tlian  hygroscopic  water,  and  if  so, 
what  projmrtion,  has  not  yet  l»cen  determined;  probably  after  ilrying  it 
shoulil  be  regarded  a.s  anhydrous,  amorphous  tit.iiiic  aeid,  and  only  in  tho 
recently  precipitated  gelatinous  state,  us  a  hydrate. 

t  Titanic  Acid  precipitated  by  ammonia  and  drie<l  in  vacuo  over  oil 
of  vitriol,  consist*  of  TiO",  HO,  together  with  a  small  ipiantity  of  am- 
monia, which  cannot  be  removed  by  washing,  and  to  the  reducing  action 
of  which  must  bo  ascribed  tho  blacKne.'a  assuinod  by  precipitated  titanic 
acid  on  ignition.  (H.  Rose,  Ann.  I'luinn,  .'JS,  207.)  IT 

6.  With  Acids:  yielding  the  Salts  op  Tn-ANtc  Oxide.  Tho  aflinity 
of  titanic  oxide  for  acids  is  very  feeble.  Both  tho  native  crystallized 
oxide  and  tho  ignit«d  artificial  oxide,  dissolve  only  in  hydrofluoric  acid, 
and  when  lincly  pounded,  in  boiling  oil  of  vitriol.  Henco  a  solution  can 
otdy  be  obtained  by  digesting  in  tho  other  acids,  either  the  hydratod 
titanic  acid  or  the  acid  titanate  of  potash  which  remaius  after  fus- 
ing titanic  oxi>le  with  carbonate  of  potash,  and  washing  away  the 
soluble  portions  with  water.  Sidution  is  ettected  but  slowly,  much  more 
nvpiilly  and  abund:uitly,  however,  by  using  concentrated  acids  either 
cold  or  very  slightly  warmed,  than  when  hot  dilute  acids  are  employed. 
The  titanic  acid  precipitated  by  ammonia  and  washed  with  cold  water, 
diasolvoa  the  most  readily;  that  which  has  been  wa«bcd  with  hot  water 


TITANIUM. 


>rf«cily;  and  tbe  precipitate  obtained  bv  boiling  a  dilute  byd»' 
J(J?c  urid  Milution,  least  rt-adily  and  coDiplctefy  of  &IJ.   (H.  Ro«c>.) 
The  solutions  arc  sometimes  yellow,  sometimes  c«Iuarle«s,  and  hai 
cry  rou(.'b  and  acid  taste.     They  yield  on  evaporation  an  amorpb 
doe,  wLicb,  when  the  acid  has  escaped  during  the   evaporation, 
l(ji)^cr  ili'M.lvfs   completely  in   water. — Tin,    zinc,    and    iron    immerewT 
ill    nri'l   -<4i.tions  of  titanic   oxide,  produce  a  blue  colour  at  first,  anti 
'    throw    down,    from    tin-solutions,   a    purple-red,    and 
n",   a    violet-coloured   powder    (of    titauous    oxide ' )     wli 
b-brown   by  transmitted  light,  and  after  the  Iap«e  of  3  A 
1^  i.onvert«.Hl   into  the  white  oxide.     The  hydrochloric  x 

(olution,  after  being  boiled  for  £umc  time  with  copper,  assuines  a  cherr 
rcd  colour,  and  then  yields,  on  the  addition  of  ammonia,  a  dark  cherry-i 
"Tecipitate,  which,  after  a  short  timCi  is  again  converted  into  white  titaajtt' 
acid.  (Fochs,  J.  pr.  Chem.  18,  495.; — Solutions  of  titanic  oxide 
decomposed  at  the  boiling  point,  ei^cially  when  they  do  not  contain 
excels  of  acid  and  arc  diluted  with  water,  the  oxide  being  precipiui 
in  the  form  of  a  very  insoluble  basic  salt.  The  lonaller  the  excess 
aci<L  the  more  complete  is  the  precipitation.  Sulphite  of  ammonia 
with  the  salts  till  sulphurons  acid  ceases  to  be  disengaged,  preci 
the  whole  of  the  titanic  oxide;  the  precipitate  is  free  from  sulplv 
acid  and  easy  to  waih.  (Bcrthier.)  Phosphoric,  sulphuric, 
oxalic,  and  tartaric  acid  and  their  alkaline  salts  (bat  not  nitric,  acetic, 
citric  acid).  a<lded  to  a  solution  of  titanic  oxide  in  hydrochloric  aci 
made  as  neutral  a«  iK>s£ible,  precipitate  a  white  salt  (more  compIet«lri' 
however,  wheu  aided  by  heat),  soluble  in  excess  of  hydrochloric  acid,  and 
likewise  in  an  cxcc.%8  of  the  acid  used  for  precipitation.  The  f  wrtM) 
alkalis,  alkaline  carbonates,  and  alkaline  hydrosulphates  give  offearixmie 
acid  or  sulphuretted  hydrogen,  and  throw  down  white  gelatinoo* 
flakes  of  hydrate,  which  are  slightly  soluble  in  excess  of  the  alkaline 
rboiiatcs  only.  When  iron  is  present,  tlie  precipitate  produced  by  IIm 
kaline  hydrosulphate  assumes  a  grecu  or  blue  colour,  from  admixture  of 
bydrated  sulphide  of  iron.  Ferrocyanido  of  potassium  produces  a  donstt 
orange-brown  precipitate,  soluble  in  excess  of  the  reagent.  If  the  solu' 
tion  contains  sesquioxide  of  iron  or  a  large  excess  of  acid,  the  preripitatA 
is  coloured  dark  green,  from   formation  of  Prussian  blue.     Tincture  uf 

Etils  added    in  largo  quantity  gives  a  dense   brownish-red   precipitata. 
ydrosulphuric  acid  does  not  affect  the  salts  of  titanic  oxide. 

C.  With  Salifiable  Bases:  producing  the  Salts  of  Titawic  Acid,  or 
Titaxates.  Some  of  these  compounds  are  found  native,  others  are  pro-l 
pared  by  fusion,  and  others  again  in  the  wet  way.  When  reduced  to  final 
powder,  they  dissolve  in  modenilely  warm  concentrated  hydrochloric  acid.] 
Boiling  dilute  hydrochloric  acid,  on  the  contrary,  precipitates  the  great 
part  of  the  titanic  acid  in  the  form  of  a  white  powder.  They  aro  moetlr  I 
insoluble  in  water. 

Titanic  oxide  does  not  appear  to  unite  with  carbonic  acid. 
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Titanium  axd  PaospnoRrs. 

A.  PnospmnE   op  Titaniim. — By 
titanium  with  charcoal  and  a  small  *]■"■'      , 
s  whit«,  brittle,  granular  phoq>hide  of  titnati 
pipe. 
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B.  PaosPHtTB  OF  Titanic  Oxidk. — An  aqueoas  solution  of  chloride 
of  titanium  dissolved  in  water,  is  precipitated  by  an  aqueous  solution  of 
terclilorido  of  pliospliorua  neutralized  with  ammonia. — White  precipitate, 
which,  when  ignited  in  a  retort,  evolves  hydrogen  gaa  mixed  with  vapour 
of  ])hosphorus,  and  leaves  a  black  residue,  in  which  the  titanic  acid  is 
not  reduced  to  the  state  of  titanous  oxide.  (H,  Rose,  Pogy.  9,  47.) 

C.  PnospiiATE  OF  Titanic  Oxide. — Precipitated  on  mixing  phos- 
phoric acid  with  the  hydrochloric  acid  solution  of  titanic  oxide,  in  white 
nulky  flukes,  which  are  soluble  either  in  an  excess  of  phosphoric  acid  or 
of  the  solution  of  titanium,  and  dry  up  to  a  shining,  gummy  mass.  If  the 
solution  of  titanium  contains  ferric  oxide,  the  latter  is  completely  preelpi- 
tated  together  with  the  titanium.  (H.  Rose.) 


TiTAMICM   AND   StTlPBDR. 

A.  ScLPniDE  OF  Titanium. — 1.  Titanic  acid  formed  into  lumps  by 
moistening  it  and  afterwards  pressing  and  drying,  is  strongly  ignited  in 
•  porcelain   tube,   and  vapour  of  bisulphide  of  carbon,  evolved  by  the 
application  of  a  moderate  heat  from  a  retort  attached  to  one  end  of  the 
tube,  is  passed  over  it — the  carbonic  acid  and  undeconiposcd  sulphide  ofjj 
carbon  being  conducted  from  the  other  end  of  the  tube  under  water;  th»l 
apparatus   is  then  allowed   to  cool,  and  afterwards  taken  to  pieces.     A 
portion   of  the  titanic  acid  is  very  apt  to   escape  decomposition;  some 
black  sulphide  of  titanium,  probably  protosulphide,  is  also  produced.  (H. 
Rose.)     2.  A   mixture  of  one  part  of  rutile  with   one  part  of  dry  car- 
bonate of  soda,  one  part  of  sulphur,  and  sometimes  also  |  pt.  of  charcoal, 
is  strongly  pressed  into  a  crucible  and  covered  with  a  stratum  of  charcoal ; 
the  whole  is  then  strongly  ignited,  though  not  so  long  nor  at  so   high 
a  tempcratureas  in  the  preparation  of  metallic  titaiiinm.  (III.,  4U7.)     The 
dense,  fused,  black  moss  thus  obtained,  contains  a  great  number  of  yellow 
scales  of  sulphide  of  titanium.     The  mass  is  coarsely  pounded,  digested 
with  water,  and   the  solution  of  sulphide  of  sodium  decanted  from  the 
black  residue.     The  latter  is  treated  with  oil  of  vitriol,  which  dissolves  a 
large  quantity  of  titanium,  and  the  remaining  salphide  of  titanium  puri- 
fied with  water.      Should  any  black  grains  of  titanous  oxide  be  found 
mixed  with  it,  the  sulphide  is  once  more  fused  with  carbonate  of  soda 
and  sul|>hur;  if,  however,  the  quantity  of  titanous  oxide  is  but  eniull, 
the  sulphide  of  titanium,  which   is  lighter,  may  be  separated  frnui   it  iiy 
Icvigation.   (Berthier.)     T  3.  When  a  mixture  of  bichloride  of  titanium 
and  hydrosulphuric  acid  gas  is   passed  through  a  re<l-hot  tube,  the  tube 
becomes  covered  with  n  stratum  of  crystalline  scales,  having  a  brilliant 
mctnllic  lustre  and  yellow  colour,  like  mosaic  gold.     In  moist  air,  they 
exhale  a  faint  odour  of  hydrosulphuric  acid;    they  are  not  soluble  in 
hydrochloric  or  in  dilute  sulphuric  acid,  but  dissolve  in  aqua-regia  without 
8pprcci,»ble  residue.  (Ebclmen,   Ann.    C'/iim.  Phijt.  20,  38o.)  T      Dark 
green  mass,  which  becomes  braren-yellow  by  pressure;  leaves  a  stain  like 
talc:  and  when  nibbed  on  the  skin,  impart^)  to  it  a  braicn-yoUow  colour. 
(H.Rose.)    Bronre-ycllow  scales,  often  of  considerable  breadth.  (Berthier.) 
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WIiMi  Suited  in  tbe  »ir  it  burn*  rttAilj,  yitiiing  titaaio  aai  mi 
•alpbaraai  wdd,  wbieli  is  volatilited.  Detonalea  wh«D  bcAtod  vilb  aki^ 
DeeomjioMd  wb«n  a  currant  of  dry  chlorine  g%»  ia   pawed  orer  H,  tb 

p....i,.^>.  hr<iii^  cbloriile  of  sulphur  and  chloride  of  titaaiam.  Anj  tituk 
III  may  be  mixed  with  tbo  i$alpbide  of  titauium  remaina  bcUaA 

\V  .11,  ui.iic  acid  it  evolves  beat,  and  is  resolved,  with  dieeogngmmtM  d 
nitric  oxide,  into  titanic  ucid  atid  sulphur.  It  is  oxidized  hj  warm  a^o>- 
Ngia.  -■'"'''"-  titanic  acid  (the  grc.'tler  part  of  which  remains  imdianJrtd) 
and  11  'id,     niasulves  slowlr  in  hydrochloric  acid,  with  evolatioa 

of  b3'iir"Miij'iiuric  ncid.  (II.    Rose.)     At  a  tolerably  strong  red  beat,  it 
decKiupoiies  vapour  of  water  with  great   facility,  and   la  converted  into 
tit«nic  acid,  vrit)    ''         .I'ement  of  hydrofulpbnric  acid  aod  n  rjitantitr 
bydrojtcn   gas..  )     [Tho    free   hydrogen   is    probably    proJui 

from   i'       '  ■•11  of  tho  hydrosulpburic  acid  by  heat  ;   if  so.  sulpL 

nju»t  '  free.  J     Di^sted  with  an  aijucous  solution  of  rauetiti 

potaiih,  11  ij  lajjiilly  ronvrrted  into  ^hitc  titanate  of  potash  which  if 
precipitated,  and  hydrosulphatc  uf  potash  which  diiisolvea: 

TxSf  *  JKO  =  TiO"  +  2KS. 

Not  aolable  in  bi-hjdrostilphale  of  potash.  (H.  Rose.) 

B    -"  r.  OF  TiTASrc  Oxide. — Hydrated  titanic  otIJc  dissol 

»ery  iu  an  nqueou^  solution  of  sulphurous  acid,  and  is 

completely  prt-vipitated  on  boiling.  (Borthier.) 

C  SiiLcnATR  or  Tit.wic  Oxide. — a.  Basic  mlphalf. — A  dilnta 
solution  of  titanium  In  hydrochloric  acid,  is  precipitated  by  Fiilphnric 
aciil.     (Si""niiii>xide  of  ir<in  and   potash   remain  dissolved   in  l'  ) 

Wliit^-;  ^'dd<Mi»  moi(<t  litmus  jiajxr  strongly.     By  i;niition  it  is  • 
into  puro  titanic  oxide.     After  dryini:  it  rapidly  absorbs  moistiir*.     L>i; 
solves  in  an  oxce>s  of  sulphuric  acid,  and  also  iu  an  excess  of  tke 
drochlorie  acid  solution  of  titaniom.  (H.  Ruse.) 
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When   this    salt  is   dissolved   in   excess  of  sulphuric  acid,  and  (I 
slutiou  diluted  with  water  or  alcohol,  a  similar  salt  is  precipitated,  hul 
conf4iining  variable  pro|>ortiun8  of  its  constituents ;  in  one  experiment 
Ta-.lo  jxT   cent,  of  tit.inic  oxide,   9-68  ol  sulphuric  acid,  and   16'-77 
water  were  obtained.     Probably  a  mixture  of  n  and  6.  (H.  Rose.) 

b.  Acit/  sii!p/iiitf. — 1.  Titanic  oxide  reduced  (if  previously  ignited] 
BC  powder,  is  dif,'ostetl  with  a  mixture  of  one  part  of  oil  of  vitriol  auj] 
pt.  of  water,  till  the  whole  of  the  wnter  is  expelled;  the  tonipcratur«| 
M  then  rai.'scd — but  not  to  redness— to  drive  nil'  the  excess  of  sulphurioJ 
acid;  an<l  tho  residue  is  diseolveil  in  a  small  quantity  of  water.  (Berxe*] 
lius.)  2.  Hydrated  titanic  oxide,  basic  titanic  sulphate,  or  acid  titanatal 
of  potash  (in  which  case  sulphate  of  potash  is  produce<l  at  the  samol 
lime),  is  di&solved  in  moderately  dilute  sulphuric  acid,  an  oficratiun| 
which  re<|uires  cou-^idcrable  time.  Colourless  solution,  from  which,  onl 
diluting  with  water,  (cspociully  if  heat  bo  applied  at  the  same  time)  or] 
ou  adding  alcohol,   the  compound  a,  coutaioing  however  a  somowhat^ 
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Ltrger  proportion  of  amd,  is  prooipitated.  (H.  Rose.)  Y  By  diuolving 
chloride  of  titanium  in  sulplinrio  acid,  and  evaporating  the  solution  in 
Tacuo  over  cnuslic  lime,  Ebeliiipn  obtained  an  imperfectly  cryatalliwjd 
mass  having  a  violet  colour.  Tiio  solution  became  colourless  on  boiling, 
from  separation  of  titanic  acid.  By  analysis,  Ebclmcn  obtained  a 
quantity  of  sulphuric  aeid  larger  than  that  required  by  the  formula, 
Ti"0*,3S0'.  (Ebelmen,  JV.  Aim.  C/iim.  Phys.  20,  383.)  IT 


Titanium  akd  Chlorine. 

IT  A.  Sesqcichloride  op  Titanittm. — Prepared  by  the  action  of 
hydrogen  gas  on  bichloride  of  titanium  at  a  high  tcmjierature.  Small, 
dark  violet- coloured  scale.<<,  which,  when  heated  in  a  platinum  crucible 
in  contact  with  air,  evolve  bichhirido  of  tiliinium  and  leave  a  quantity  of 
titanic  oxide;  a  similar  docompo.siti<)n  takes  pliice  at  ordinary  teuipera- 
tnros,  but  much  less  rapidly.  This  compouurt  is  much  less  volatile  than  the 
bichloride  and  deliquchces  in  the  air.  When  dissolved  in  water,  it  is  pro- 
bably converted  into  Ti'O',  3HC1.  The  solution  is  violet-red,  but  becomes 
colourless  on  exposure  to  the  air,  in  consequence  of  the  formation  of  titanic 
aciil.  With  alkalis  it  yit-lds  a  dark  browu  precipitate,  quickly  changing 
to  black,  then  to  blue,  ami  Lastly  to  white,  with  disengagement  of  hydro- 
ten.  With  alkaline  eaibouates  it  behaves  nearly  in  the  same  manner. 
Hydrosulphuric  acid  does  not  alTect  it;  sulphide  of  ammonium  acts  like 
the  caustic  alkalis.  Sesiiuicldorido  of  titanium  is  a  powerful  reducing 
Agent.  Sulphurous  acid  lei  reduced  when  heated  with  it,  sulphur  being 
deposited.  Gold,  silver,  and  mercury  are  precipitated  by  it  from  their  solu- 
tion, in  the  metallic  state;  and  salts  of  ferric  oxide  are  reduced  to  salts 
of  ferrous  oxide.  When  evaporated  to  dryness,  it  evolves  bydrochlorio 
acid,  and  leaves  a  blue  oxy-chloridc  of  titanium.  Besides  the  .sesqui- 
chloridc  and  a  small  quantity  of  mctallio  titanium,  the  above  process 
likewise  yields  golden-yellow  scales,  which  Ebelmen  is  disposed  to  regard 
M  Proioc/Uoride  0/ Tilanium.  {N.  Ann.  Chim.  Phys.  20,  385.)  T 

Caleulstion.  Ebdmeo. 
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B.  BtcnLORiDB  OP  TiTANirM. — 1.  Chlorine  gas  dried  by  means  of 
cliloride  of  calcium,  is  ])ae«od  over  titanium  ignited  in  a  glass  tube  (in  the 
oold,  no  efleet  is  produced).  The  chloride  of  titanium  condenses  in  th* 
cooler  jmrt  of  the  tube.  (George,  Ann.  Phil.  25,  18;  also  Schw.  44.  48; 
and  J'<nj<).  3,  171.) — 2.  Dry  chlorine  gas  is  passed  over  a  reil-hot  mixture 
of  titanic  acid  and  charcoal.  For  this  purpose,  powdered  rutile  may  bo 
luted,  because  the  liquid  chloride  of  tltiinium  cnn  be  separated  by  decan- 
tstion  or  distillation  from  the  flxed  chloride  of  iron  which  is  producifd  at 
tlie  same  time.  (Dumas,  J.  Phunii.  12,  300;  also  Pot/ff.  7,  ^Si;  also  Anv. 
C'/iim.  Phyt.  33.  38(i.)  Even  the  heat  of  an  argand  spirit-lamp  is  sufli- 
oieut.  (Wobler.)  To  free  the  chloride  of  titanium  from  excess  of  chlo- 
rine, which  gives  it  a  yellow  colour  and  also  the  property  of  dis- 
charging vegetable  colours  after  dilution  with  water,  it  is  agitated  with 
■mall  quantities  of  mercury  and  distilled  two  or  three  times  iu  a  small 
retort  containing  mercury.  (Dumui.)  11.  Rose  rectifies  it  four  or  fivo 
times  from  mercury  or  ]>otaiisium. 


TITANIUM. 


iL  VBDOor  of  ^1 


TrauBpArent,  colonrle^,  very  dense  liquid.     BoiI«  at  135* 
barometer  staiida  at  0  76:3  metres  (30  inches),  and  yields  a  rapour  of' 
6|)ec-itic  gravity  6'83(>.  (Oumas.)     Has  a  pungent,  acid  odour,  and  emit] 
dense  wliit«  fumes  in  tbe  air. 

H.  Rose.  Volume.  Sp.gt. 
240  ....  25  32  ...  25  M  Vkpour  of  litanium  1  „..  1-6632 
70-8     ...     7468       ....       74-46  Chlnrinp  eu    2     ....     4-908C 


Ti... 

2a 


94-8     ..„  100-OU 


100  00 


6-i718 


It  ie  not  decomposed  by  potassium  at  it«  boiling  point ;  but  if  iti 
vapour  is  passed  over  heated  potassium  or  sodium,  the  titanium  is  reduced 
with  so  violent  a  disengagement  of  light  and  heat,  that  the  tube  actually 
fuses  at  the  point  where  the  action  takes  place.  (H.  Rose.) 

UydrochhraU  of  Titanic  Oxide. — 1.  Formed  by  mixing  bichloride  of 
titanium  with  water.     The  combination  is  attended  with  very  great  rise 
of  Icmporaturo. — 2.  Hydrated   titanic  oxide  (even  that  whicL  has  been 
precipitated  by  boiling),  or  acid  litanate  of  potash  (in  which  case  a  small  ^ 
quantity  of  chloride  of  potassium  is  formed),  is  dissolved  in   concentratetf 
hydrochloric  acid.     By  the   first  uiulhod,    proviiled  only  a  very  small 
quantity  of  water  be  used,    the  salt  may  bo  obtained  in  a  solid  state 
(OeorgOi)     The  second  method  yields  a  yellow  liquid,  which,  by  carefa 
evaporation,  may  bo  freed  from  excess  of  hydrochloric  acid.     When  tiM 
solution  ia  evaporated  to  dryness,  a  residue  remains,  which,  according  i 
Chevrcul,  leaves,  on  being  agaiu   treated  with  water,  a  large  quantity  i 
titanic  oxide  no  longer  soluble  in  hydrochloric  acid.     When  still  furthe 
heated,  the  oxide  loses  the  whole  of  its  acid.     Tbe   hydrochloric  acid 
solution  of  titanic   oxide   diluted    with   three  times  its  bulk  of  water, 
icids,  even  at  a  temperature  below  its  boiling  point,  a  deposit  of  basic 
lydrochlorato  of  titanium.     The  same  precipitate  is  obtained  at  ordinary 
temj>eratures  after  standing  for  several  months.  (Chevreul.) 


I 


C.    ChLORIDB    op    TlTANITM     WITH    PhOSPHUBETTED    HvDROGKJf.— • 

Phosphurettcd  hydrogen  gas,  either  of  the  more  or  the  less  inflammable 
variety,  after  being  dried  by  passing  over  chloride  of  calcium,  is  brought  in 
contact  with  purified  chloride  of  titanium  in  a  close  vessel.  The  chloride 
absorbs  the  gas  and  is  first  converted  into  a  greasy  ytllow  substance;  but 
when  completely  saturated — for  which  purpose  a  large  quantity  of  gas 
is  required — it  forms  a  solid  brown  mass  which  fumes  on  exposure  to  the 
air.  No  hydrochloric  acid  is  set  free  during  the  process.  The  brown 
compound,  when  heated  in  a  close  vessel,  evolves  hydrochloric  acid  fos, 
and  a  small  quantity  of  phosphurettcd  hydrogen  (tho  latter  especiail\%  if 
it  had  been  previously  saturated  with  tho  gas  as  much  as  possible), 
and  sublimes  in  tbe  form  of  a  lemon-yellow  sub-itanco  (to  be  described 
under  D),  with  which  a  portion  of  free  phosphorus  is  likewise  mixed;  a 
copper-coloured  residue  is  left,  consisting  of  metiillic  titanium.  From 
the  presence  of  air  and  moisture,  however,  a  small  quantity  of  titanic 
oxide  blackened  with  metallic  titanium  is  likewise  produced.  The  brown 
compound  ia  decompo.scd  by  water,  by  aqueous  hydrochloric  acid,  and  by 
the  aqueous  solutions  of  caustic  potash  and  ammonia  or  their  carbonates, 
evolving  phosphurettcd  hydrogen  gas  with  efl'ervescence.  Water  and 
hydrochloric  acid  form  a  solution  of  hydrochlorate  of  titanium;  the 
alkalis  precipitate  titanic  oxide.  Whether  the  compound  has  been 
prepared  with  the  more  inflammable  or  with  the  less  inflammable  pho*- 
|>huretted  hydrogen,  the  gas,  disengaged  by  the  above-mentioned  re-ogenta, 
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—with  the  exception  of  caustic  ammonia,  which  evolves  apontaneottslj 
inflammable  phosphiirettcd  hydrogen — is  always  of  the  non-epoutaneously 
inflammable  variety.  Consequently  the  less  inflammable  gas  may  be 
rendered  spontaneously  inflammable  by  combining;  it  with  chloride  of 
titanium  and  afterwards  setting  it  free  by  ammonia;  and  the  sj>ontane- 
ously  inflammable  gas  converted  into  the  less  inflammable  variety  by 
disengaging  it  with  water,  itc.  Ammoniacal  gas,  being  a  more  powerful 
ba«e,  expels  the  plioaphuretted  hydrogen  gas  from  the  brown  compound, 
even  in  the  cold,  converting  it,  at  least  for  the  most  part,  into  chloride  of 
titanium  and  ammonium.  (H.  Rose.) 

C.  Chloride  op  Titanidm  wrrn  HmROcnLORic  Acid  and  Pho8- 
PHURETTED  HyDRooEN. — The  lomon-yellow  substance  sublimed  by  heat- 
ing B.  When  sulilitncd,  or  when  treated  with  water,  hydrochloric  acid, 
or  the  alkalis,  it  exhibits  the  same  characters  aa  B,  but  has  a  different 
composition.  (H.  Rose.) 

CalcuUtion.  U.  Roae. 

PH» 34-4  ..  9-69 

HCl „ „....        36-2  .         1019 

3X1 „ 720  20-29  20M? 

8C1 2124  .         5983  6838 


PH'.HCl  +  3'nCP. 


355  0 


100-00 


The  68-38  j)arte  of  chlorine,  found  by  Rose,  belong  to  the  chloride  of 
titanium  and  the  hydrochloric  acid  together. 

D.  Chloride  of  Si'Lphur  and  Titanicm. — 1.  A  mixture  of  chloride 
of  titanium  and  chloride  of  sulphur  yields  at  ordinary  temperatures 
splendid,  large,  yellow  crystals. — 2.  Chlorine  gas  is  passed  over  sul- 
phide of  titanium.  The  sulphide  fir>t  deliquesces  to  a  yellow  liquid, 
which  is  probably  a  compound  of  chloride  of  titanium  with  a  chloride  of 
sulphur  containing  less  than  2  atoms  of  sulphur.  After  absorbing 
more  chlorine,  the  liquid  solidifies  to  an  indistinctly  crystalline,  pale 
yellow  substance,  which  melts  at  a  gentle  heat,  and  again  becomes  crys- 
talline on  cooling;  sublimes  undecomposed  when  gently  heated;  and  emits 
dense  white  fumes  in  the  air.  It  contains  one  atom  of  TiCP  combined  in 
variable  proportions  with  less  than  one  atom  of  SCR 

TiS',  when  decomposed  by  chlorine,  should  yield  one  atom  of  chloride 
of  titanium  to  every  2  atoms  of  chloride  of  sulphur;  but  the  principal  part 
of  the  latter  appears  to  pass  off  with  the  chlorine.  Rose  found  that  at  a 
moderate  heat  the  compound  evolved  chloride  of  sulphur,  while  the  residue 
still  continued  solid.  The  four  following  specimens  examined  by  Rosa 
were  prepared  at  difl'erent  times,  The  specimen  e  was  sublimetl  several 
times  in  a  current  of  chlorine  gas,  by  which  means  a  larger  quantity  of 
chloride  of  sulphur  was  volatilized. 


Ti.„„.., 

a. 
15-58 

ft. 

17-73 

6-23 

7631 

e. 

20-87 

3-70 

75-J8 

19  56 

s 

9-08 

4-U8 

CI 

75-34 

77-31 

100-00 


100-27 


100-15 


100-95 


The  compound  deliauesces  rapidly  in  the  air,  and  its  lolatiou  in  water 
contains  titanic  oxide,  nydrochloric  acid,  sulphuric  acid,  and  hyposulphu- 
rous  acid.     It  dissolves  completely  in  dilute  nitric  acid  with  evolution  of 
VOL.  in.  i  \ 
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red  famM,  and  yields  »  solotion  which  oontaina  titanic  oxide,  hjdr 
■cid,  and  sulphuric  ncid,  but  no  brposnlphurooa  aeid.     Famiiig  nitric i 
wmrwte  it  iulo  n  tbick  while  miv^  which  diaaolrea  eoBmlet*^  in 
(U.  Bow.) 

TjTAIflUK  XKD   FtPOBnnt 

A.  FtroRrPE  op  TrrAsirM  nnd  Bi-iiyDRoFLPATE  op  TiTAjfjc< 
— When  titanic  oiiJe  is  distilled  in  a  leailen  retort  with  tluurspar  and  ( 
of  vitriol,  no  gaa  ia  evolved,  but  after  a  considerable  time  some  jelh 
olea^nous  drops  (fluoride  of  titanium?)  ap{>ear,  which  are  decomf 
by  water,  with  separation  of  titanic  oxide  (or  of  B  ?).  If  a  glass  red 
is  used,  gaseous  fluoride  of  silicium  posses  over  mixed  with  flaorid«1 
titanium.  (Unverdorben,  X.  Tr.  9,  1,  32.) 

By  evaporating  tcrbydrofluate  of  titanic  oxide  at  a  gentle  beat,  1 
syrupy   liquid    is   obtained,    from   which    crystals   of   the   biliydrofloalA 
separate.     These  crystals  are  resolved  by  water  into  terhydrofluate  of 
titanic  oxide  which  dissolves  in  the  liquid,  and  the  insoluble  basic  salt  B. 
(Borcelins.) 

Fluoride  of  titanium  enters  into  combination  with  other  met 
fluorides,  forming  compounds  called  Titako-Flcorides,  which,  in 
state  of  solution,  may  likewise  be  considered  as  ht/drojtuatet  of  titamie 
oxide  and  another  bate.  They  are  prepared  by  dissolving  a  salifiable  base 
in  terhydrofluate  of  titanic  oxide,  and  afterwards  evaporating  the  solik- 
tion.  They  contain  one  atom  of  bifiuoride  of  titanium  combined  with 
one  atom  of  another  metallic  fluoride.  (Berzelius.)  The  potassium  com- 
pound, for  instance,  consists  of  KF.TiF'*,  and  when  in  solution  may  be 
regarded  as  KO.HF-H  TiO',2HF.  The  titano-fluorides  sustain  a  red  beat 
without  decomposition. 

B.  OxY-FLroRiDB  OF  TiTANiDM. — The  white  powder  precipit*i«tf1 
the  decomposition  of  crystallixed  bihydrofluato  of  titanic  oxide  by  ' 
It  does  not  port  with  its  fluorine  at  a  red  heat.  The  fluorine  can  ealr 
be  expelle<l  by  projecting  carbonate  of  ammonia  into  the  ignited  ctmimt 
eontaining  the  Mtlt  (Beneliua.)  "" 

C.  TER-nTDRoPLrATF.  OP  TiTAJnc  Oxide. — Hi/i/y  ic  And. 
Corresponds  to  the  terhydrofluate  of  silica  or  hydrotl  .  icid.  Ti 
+  HF  or  TiO'-(-3HF.  Known  only  in  solution.  Formed  by  the 
position  of  the  crystallized  bihydrofluato  of  titanic  oxide  with  w( 
or  by  dissolving  titanium  in  a  warm  mixture  of  hydrolluorio  acid  and 
nitric  acid,  or  of  titanic  oxide  in  aqueous  hydrofluoric  aoi<l.  In  the  latter 
case,  the  oxide  becomes  heated  on  the  addition  of  the  hydrofluoric  acid, 
and,  after  long  digestion,  is  completely  dissolved.  (Berzelius,  Poi/ff.  41.)^ 

Warwiciite. — Belongs  to  the  right  prismatic  system;  Fiff.  61,  with 
edge  between  u'  and  u  (the  «i-face)  replaced  by  a  plane;  u  :  u  =  fl3 
94".     Cleava^  parallel  to  t.     Specific  gravity  from  3'0to314.     Bro' 
iuclininc;  to  block.     At  the  thin  edges  it  ajtpears  translucent  and  of 
reddish  brown  colour.     Warwickite  contains  64  71  per  cent,  of  titaniui 
7"14  of  iron,  0-80  of  yttrium,  and  27 '33  of  fluorine,  with  a  trace  of  al 
mina.  (Shepard,  Sill.  Amer.  J.  34,  313;  36,  85.)    Hence  it  must  eontaii 
Ti'F.     This  mineral  must  not  be  confounded  with  Varvicite,  ( Vid,  Maa 
ganese.  Chapter  XXIII.) 
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Titanium  and  Nitrogen. 

A.  Nitrate  of  Titasic  Oxide. — Prepared  by  diMoIving  hydratod 
titanic  oxide  or  acid  tiUinate  of  potash  in  uitrio  acid. 

B.  Titanate  op  Ammonia  f — When  ammonia  is  added  to  the  milky 
mixture  of  hydrated  titanic  acid  and  water,  a  coherent  flocculent  preci- 
pitate is  formed,  which  can  be  easily  washed  ou  the  filter.   (H.  Rose.) 

C.  Carbonate  of  Titanic  Oxide  and  Ammonia. — When  an  acid 
aolntion  of  titanium  is  dropped  into  a  large  excess  of  carbonate  of 
ammonia  di.ssolved  in  water,  the  resulting  precipitate  is  redissolred,  aiid  on 
boiliug  the  liquid,  titanic  oxide  is  thrown  down.  (Berzelius.) 

D.  A.M.MONIO-C11LORIDE  OF  Titanium.  —  When  ammoniacal  gas 
dried  by  means  of  hydrate  of  potash,  is  passed  oror  chloride  of  titanium, 
it  is  rapidly  absorbed  with  great  evolution  of  heat.  The  current  of 
ammoniacal  gas  must,  huwcver,  be  kept  up  for  a  lung  time,  and  the  moss 
frc<juently  stirred  in  order  to  ensure  that  the  whole  of  the  chloride — which 
otherwise  becomes  partially  enveloped  by  the  now  compound — may  bo 
saturated  with  ammunia.  The  product  must  bo  rapidly  enclosed  in  dry, 
well  stopped  bottles.  If  the  compound  still  smells  of  ammonia  when 
the  bottles  are  opened  aft<?r  some  time,  it  may  be  considered  to  be  tho- 
ronghly  saturated;  otherwise  it  evolves  a  whito  cloud,  and  must  be  again 
traated  with  ammonia.  Brownish  red  powder.  (H,  Kose.)  Pale  yellow. 
(Persoi.) 

H.  Rom.  Peraoc. 

2NH» S4'0        ...       26-40         .        2508  ....       3414 

n  24-0       ....       1863       ....       19-2.'l  f.^^  i 

2C1 70-8       ....       54-97       ....       51701  ■•        "^  """ 

2NH»,TiCl'  ....     128-8       Z     lOOOO       ....     100-00       Z     10000 

According  to  the  analysis  of  Persoc,  it  consists  of  3NH',  TiCl'. 

When  this  compound  is  heated  in  a  glass  tube,  it  first  evolves 
a  small  quantity  of  ammoniacal  gas,  provided  it  has  previously  been 
completely  saturated  with  ammonia — tben  a  portion  of  sal-ammoniac 
— then  a  quantity  of  hydrochloric  gas,  doubtless  accompanied  by  ni- 
trogen,— and  yields,  besides  a  residue  of  metallic  titanium,  a  yellowish 
white  sublimate,  which  is  found  to  be  a  compound  of  chloride  of  titanium 
with  bydrochlorate  of  ammonia,  and  is  acid  only  from  adhering  hydro- 
chloric acid.  If  the  comjiound  has  absorbed  moisture  from  the  air  and 
thereby  become  white,  it  leaves  titanic  acid  instead  of  metallic  titanium 
when  heated  in  a  glass  tube,  and  yields  a  sublimate  of  sal-ammoniao. 
The  anhydrous  compound  is  decomposed  with  vivid  incandescence  by 
heated  putattaiuro  or  sodium,  (HI.,  468.)  It  absorbs  moisture  greedily, 
becomes  white,  and  deliquesces  in  a  very  moist  atmosphere;  with  water 
it  yields  a  solution  which  is  not  perfectly  transparent.  2NH',  TiCI*  with 
2H0  should  form  2(NH',  HCI)4-TiO',  the  sal-ammoniac  being  dissolved, 
and  the  whole  of  the  titanic  oxide  precipitated.  The  Quantity  of  titanic 
oxide  actually  procijiitatcd  is,  however,  very  small;  ana  the  precipitation 
i«  not  complete  even  on  the  a<ldition  of  ammonia;  which,  together  with 
the  fact  that  bichloride  of  platinum  precipitates  from  the  solution  only 
half  the  ammonia — indicates  that  the  ammonio-chloride  of  titanium  dis- 
MOlvcs  in  water  without  decomposition,  and  not  as  a  mixture  of  sal- 
ammoniac  and  titanic  oxide.  (H.  Roae.) 
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E.  Chloride  or  Tirxxtvit  ^rni  Sal-ammo.mac,  or  CHioang 
TlTAKiuit  AKAAnMONirM. — ThisUthe  yelluwlsL  white  sublimaM oli 
br  b«*titig  D  ID  A  glsM  tube.  Wben  snhlimed  a  aetwnd  time,  it  exb- 
bit«  lb«  Mine  d<«onipositions  as  D.  Dissolves  in  water  witLout  lafM- 
itr.  Appoon  to  ooatain  eomctimiM  1^  At.  eometimes  3  At.  of  ■)■ 
•iiiBoaiac,  acootding  to  tbe  manner  in  wbich  il  has  be«n  prepareii — ud 
MmeiaUr  according  to  tbe  number  of  snblimationa  to  wliich  il  bat 
mbj«cte<L  (U.  Kom.) 

H. 


««H» 

«n 

TO  . — - _ 

64-0 

♦8-0 

847-8 

r.ii 

I  ■  ■  _' 

I3-68 

69-CS 

SNH»C1.2TiCl  

3NH« „ 

TJ    

iO  ._ , ..... 

U9-i 

i* 

24 
177 

100-00 

211S 

9-41 

69-41 

H.  RoM^  1 

9-30 

68-34 

3NH«C1.  TiCl 

255 

100-00 

F.  FtroRiDE  OF  TiTAMCM  WITH  HyoHOFLrATK  OP  Ammo5u.  ox 
Pluoride  op  TiTANiCM  ASD  AM.MOMrM. — a.  In  equal  numbrn  oftttam*. 
— N  H'F,  TiF". — Forme*!  by  adding  ammon  la  to  terbydrofluatc  of  titaniaiB 
<•))  'I'"  '^t.nnic  oxide  which  is  prvcipitated  ceases  to  rcdissolve,  and  e 
;  (he  s>olntiun  to  the  crystallizing  point. — Brilliant  scales. — ^Wbi 

<ii.-iiiit'<i  III  a  platinum  vessel,  at  a  temperature  considerably  beluw  rol-' 
ness,  it  yields,  without  fosingj  a  sublimate  of  bydrofluate  of  ammonia, 
and  leaves  b. 

b.  Wiih  txeett  of  Fluoride  of  7%a»i«i/«w.— Probably  NH*F.  2TiF».— 
This  6ab»tanco  fuse«  at  an  incipient  reil  heat,  and  ^oblimes  anchaiiged 
in  amoq)hous  flakes,  which  are  soluble  in  water  and  have  a  rough,  acid 
taste.  A  large  excess  of  potash  is  required  to  precipit:it«  tbe  whole  of 
tbe  titanic  oxide;  and  after  tbe  precipitation,  tbe  liquid  vmelLs  of  anuno- 
nia.  (Berzelius.) 


.anft 
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A.  TiTAKATB  OP   Potash. — a.   With  excttt  of  PotaA. — Hydrated 
titanic  oxide  and  the  titanates  of  pota«h,  b  and  c,  are  slightly  soiO'  ' 
in  «xoee6  of  caustic  potash.  (Yauquelin,  Roee.)     The  precipitate 
duced  on  dropping  bydrocblorate  of  titanic  oxide  into  an  excess  of  poi 
rcdissolvcs  in    the   latter;    dilute  sulphuric  acid  causes  reprecipitalioi 
(Wabler.) 

h.  MonotitanaU. — One  atom  of  titanic  acid  fused  with  excess  of  car- 
bonate of  potash,  api^ears  to  expel  one  atom  of  carbonic  acid.  Two 
fluid  strata  form  in  tlic  crucible;  the  np)>er  stratum  consists  of  the  excess 
of  carbonate  of  pota!<h,  which  remain.s  undccumposed  and  contains  but  a 
trace  of  titanic  acid;  the  lower  is  monotitanate  of  potash. — If  the  fusion 
is  arrested  before  tbe  action  has  ceased,  the  carbonic  acid  still  evolved 
from  the  interior  of  thema&s  forces  its  way  with  a  crackiiiir  noiso  throi 
tbe  hardening  surface,  and  renders  it  uneven.  From 
of  carbonate  of  potash  titanic  acid  d'>c.=  not  cxt'RI 
Bose.)  Titanic  acid  yield*  the  same  C' 
of  potash  a£  when  fused  with  its  carbon. 
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aolation  ot  caustic  potash,  a  white  bulky  compound  is  formed  (oooording 
to  Vttuquclin),  which  may  consist  either  of  6  or  <;  in  the  hydrated  state. 

MoDotitauato  of  potash  forms  a  yellowish  fibrous  mass,  more  fusible 
even  than  carbonate  of  potash. — Titanic  acid,  fused  in  atomic  proportion 
with  carbonate  of  |>otash  before  the  blowpipe,  yields  a  transparent  yellow 
bead,  which,  on  cooling,  crystallizes  to  a  dark  grey  glass,  and  in  so  doing 
again  liecomes  red-hot.  (Berzelius,  Lthrbuch.) — The  salt  is  resolved  by 
water  into  the  salt  a  which  dissolves,  and  hydrated  acid  titanate  of 
potash  which  remains  behind. 

c.  Acid  Titanate. — Obtained  in  the  hydrated  state  by  decomposing  b 
with  water,  and  afterwards  washing  till  the  water  begins  to  pass  milk^ 
through  the  filter.  Soft  white  powder,  which,  like  hydrated  titanic 
oxide,  diffuses  itself  through  water  in  a  very  finely-divided  state,  and  in 
this  state  passes  through  the  filter.  After  ignition,  it  contains  from  17°33 
to  18'01  per  cent,  of  potash  combined  with  82  67...81'99  of  titanic  acid. 
(H.  Rose.) 

d.  I/yperlitanate. — The  salt  c  is  treated  with  concentrated  hydrochlorio 
acid  and  the  mixture  sn]:>erEaturated  with  ammonia  and  then  filtered. 
The  precipitate,  after  ignition,  contains  87  per  cent,  of  potash  with  91*3 
of  titanic  acid.  (H.  Rose.) 

B.  Carbonate  op  Titanic  Oxide  and  Potash. — Prepared  like  the 
doable  carbonate  of  titanic  oxide  and  ammonia;  in  this  case,  however, 
the  oxide  is  not  precipitates!  by  ebullition  alone,  but  only  by  boiling  with 
sal-amuioniac.  (Berzelius,  Lehrbuch.) 

C.  Sulphate  op  Titanic  Oxide  and  Potash. — Titanic  oxide  dis- 
BOlves  in  melted  bisulphate  of  potash,  yielding  a  transparent  glass.  Water 
renders  the  glass  milk-white,  and  separates  the  greater  part  of  the  titanic 
oxide.  The  dissolved  portion  may  be  i>rocipitated  by  ammonia.  (W'uhler, 
Fogg.  7,  423.) 

D.  Fluoride  op  Titanium  and  Potassium  and  Htdrofldate  op 
Titanic  Oxide  and  Potash. — Potash  is  added  to  terhydrofluate  of  tita- 
nic oxide  till  a  permanent  precipitate  begins  to  form.  The  liquid,  on 
cooling, deposits  scales  which  resemble  boracic  acid,  and  when  dried  become 
milk-white  and  exhibit  a  silky  lustre.  On  exposure  to  heat,  the  scales 
give  off  small  quantities  of  hygroscopic  water  and  fluoride  of  titanium, 
and  fuse  at  a  white  heal,  without  undergoing  any  further  change.  When 
heated  with  i>otassium,  the  salt  is  decomposed  with  vivid  incandescence. 
Yielding  titanium  and  fluoride  of  potassium.  Bisulphate  of  potash  fused 
with  it,  separates  only  a  small  portion  of  fluoride  of  titauium.  It  dis- 
solves readily  in  woter,  without  decomposition.  Contains  38-7  per  cent. 
of  potash,  350  of  titanic  oxide,  and  26 '3  of  hypothetically  anhydrous 
fluoric  acid.  (Berzelius.) 


Titanium  and  Sodium. 

A.  Titanate  op  Soda.^-a.  Monotitanate. — 100  parts  of  titanic  acid 

with  from  5  to  12  times  its  weight  of  dry  carbonate  of  soda,  dison- 

I  between  46-18  and  .')0-9e  parts  of  carbonic  acid.  (H.  Rose.)     [As 

^Se  atom  of  TiO'=40,  and  one  atom  of  CO'  =  22,  (40  :  22=100  :  JiS) 

100  parts  of  titanic  acid   should  expel   55  parts  of  carbonic  acid.]— 

All  under  stratum  of  monotitanate  of  soda  is   formed   in  the  cracible, 


_^  TITANIUM. 

••d  ftB  VPW  rtiwlffw,  oooswting  of  nndecoinposed 

trtaiuUA  91  •od%  when  treated  with  water,  18  resolred 

4waolTca  ia  tha  liiiaWl,  and  insoluble  bjdi%t«d  arid  titAOate  of  aoda.  (H. 

Bom.) Before  tbc  blowpipe,  titanic  oxide  disscdvee  io  cmrbouate  of  to4s 

wiUi  dhrtmoeuce,  ^'ielding  a  glass  which  is  dark-jellow  while  fct* 
^.ri«Ii  irUite  when  cold,  and  is  not  afaeorbed  bv  the  chaicoal.     If  tk* 
<l  r  eoda  is  ju»t  sufficient  to  retain  the  whole  of  the  titanic  ozidi 

hi  .^......,a   at  ordinary  temperataree,  the  glass  becomes  crystalLina  at 

lite  very  moment  when  it  ceases  to  glow,  and  thereby  erolres  so 
himt,  tut  it  again  becomes  ted-hot  and  continnea  so  for  som«  time.  (Ber< 
■eliiu.) 

6,  Aei'!  '"'  — Prepared  by  decomposing  a  with  w^cr  and  afiep*' 

wartU  wa^l.  recipitato  till  the  water  begins  t»  pass  milky  throngb 

tbe  ftlter.  Siaall,  white,  eandy  grains,  containing  from  I.>-14  to  15-30 
per  eetrt.  of  eoda,  from  7473  to  75-47  of  titanic  acid,  and  irom  1013  to 
ft-23  of  water.  (H.  Rot«.) 

e.  Utfpetlilanate. — The  salt  h  is  first  treated  with  concentrated  hydro- 
cUarie  add,  then  with  excess  of  ammonia,  and  filtered.  A  compound 
remains,  containing  between  3-8  and  3*44  per  cent,  of  soda,  and  between., 
Wi  and  96-56  of  titanic  acid.  (U.  Rose.) 

B.  Carbosatb  of  Titanic  Oxide  and  Soda. — Prepared  in  the 
lOr  as  the  doabI«  carbonate  of  titanic  oxide  and  potash. 


arac* 

(Ber<J 

Jie(<>S 


C.  Before  the  blowpipe  titanic  oxide  diasolyes  in  borax,  yielding  m 
colpntlcss  or  yellowish  glass,  which  becomes  milk-white  by  slight  flaming, 
>  mtaias  a  hunger  quantity  of  the  oxidc^by  mere  cooling.    In  the 
<:                '.'  flame  it  acooiree  a  bfaieh  purple  oulour.     When  it  contains 
Liru^T  •|iiiintii_v  of  titanic  oxide  and  is  exjHtsed  to  the  reducing  flame  01 
chiircal,  it  becomes  dark  yellow  while  hot,  and  blackish  blue  on  cooUd] 
br  subsequent  flaming  it  is  rendered  light  blue  and  opaque;  inasmuch 
the  titaaoas  oxide  fonued  imparts  a  reddish  blue  colour,  and  the  remaii 
rag  titanic  oxide  renders  the  glass  white  and  opaque.  (Bcrzelius.) 

D.  The  glass  which  titanic  oxide  3rields  with  raicrocosmic  sail  in  the 
icrior  blowpipe  flame   is  colourless  or  yellowish;  af^er  long  exposur 
the  reducing  flame  on  charcoal  (the  reduction   is  p^>^lotod  by   th4 

kfddiUon  of  a  small  quantity  of  tin)  it  appears  yellowish  while  hot,  an 
beoomes  violet  blue  on  cooling.     If  the  quantity  of  titanic  oxide  is  ver 
iaige,   the  blue  colour  thus  produced  is  so  dark  that  the  glass  becomotl 
opaque,  without  however  forming  an   enamel.      The  presence   uf  iron 
iges  the  reddish  blue  colour  into  red.  (Bercelius.) 


E.  Fluoride  of  Titasicm  and  Sodifm  and  HyDBoPLUATE  of  TitA'? 
Kic  Oxide  and  Suda. — Indistinct  cn'stals,  forming  a  saline  crust;  muc 
more  soluble  in  water  than  the  potaah  compound.  (Berzelius.) 


TitANIUX   AMD  Calcicm. 


and 


\Thich  is  found  crvstalliaed  in  cubes,  ooutaios  titiaic  aeH 
Uose.) 


t 


TITANIUM   AND   SILICIUM. 
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Pluobidb  op  Titanium  amd  CAXcrcM  amd  Hydroplvatb  op  Ti- 
tanic Oxide  and  Lime. — Carbonate  of  lime  is  dissolved  in  terhydro- 
fltiate  of  titanic  oxide  and  the  solution  evaporated  to  a  small  bulk. — Pria- 
niatically  formcil  crystals,  which  dissolve  without  alteration  in  acidulated 
water,  but  are  decomposed  by  pure  water,  yielding  an  acid  solution,  and 
k  white  powder  whielt  oontaina  an  excess  of  flooride  of  calcium.  (Ber- 
leliae.) 

Titanium  and  Magnesiuh. 

FLnoniDE  OF  Titaniu.m  and  Maonesidm  and  Htdrofluate  op 
Titanic  Oxide  a.nd  Magnesia. — Crystallizes  by  spontaneous  evaj)ora- 
tion  in  long  needles,  which  have  a  bitter  taste,  are  decomposed  by  pofo 
water,  and  dissulvo  completely  in  acidulated  water.  (Berzclius.) 


TlTANIUH  AND   ZiROONICM. 

Titanate  op  Zirconia. — Precipitated  from  a  mixture  of  hydrochlo- 
rate  of  zirconia  and  hydrochlorate  of  titanic  oxide  on  the  addition  of  sul- 
phate of  potash.  (Bcrzelius.) 

Folymiffnlii. — Crystalline  system  the  right  prismatic.  Fig.  61, 
eapecialty  with  the  m  and  a-faoes.  Specific  gravity  =:  4-8.  Harder  than 
feupar.  Infusible  before  the  blowpipe.  Decomposed  by  oU  of  vitriol. 
(Berzclius.) 

Aesehynite. — Crystalline  syBtem  the  right  prismatic,  Fiy.  67,  with 
t-faces;  u'  :  u=  127^;  u  :  <  =  116°;  w  ;  a=  169°;  I  :  t=  143°  or  nearly 
80.  Specific  gravity  =  5'1 4.  (Brooke.)  When  heated  it  evolves  water 
and  traces  of  hydrofluoric  acid.  Swells  up  before  the  blowpipe,  and 
flues,  at  the  edges  only,  to  a  black  slag.  (Hartwall.) 


PolymifnUe,  according  to  Berzeliiu. 
CiiO    4-20 

YO n-30 

ZrO    ~ UH 

C««)» 500 

llo«0» -  2-70 

?«sO« -.  12-20 

TiO»    46-30 

KO.MgO.SiO'.SnO'  tracaa 

96-04 


AenhfnUe,  according  to  Hirtwdl. 

CaO  3-8 

ZrO  20-0 

Ct?0* 15'0 

Fo»0« 2-6 

TiO« „ „ S6-0 

SoO» 0-5 


»7-» 


Titanium  and  Silicium. 

A.  Titanate    and    Silicate    op   Potash. — ^Remains   behind    when 

titanic  oxide  is  ignited  with  excess  of  silica  and  carbonate  of  pota«h,  after 

the  carbonate  and  silicate  of  potash  have  been  washed  unt  with  water. 

While  still  moist,  it  is  very  soluble  in  concentrated  hydrochloric  acid, 

yielding  a  solution  which,  when  diluted  and  boiled,  becomes  covered  with 

a  constantly  renewed  film,  and  deposits  flakes  which  are  rather  soluble  in 

Livater.     Ammonia  added  to  the  solution  precipitates  a  mixture  of  silica 

Iwid  titanic  oxide,  and  the  precipitate,  after  drying  at  a  gentle  beat,  yields 

ItiUnie  oxide  to  concentrated  hydrochloric  acid.  (H.  Rose.) 


488 


TANTALUM- 


B.  TrtAKATB  »ntl  SiucAT£  OP  LiMB. — Titaniu,  Sphent.- 
line  Bnt«in  the  obli(|ue  prisnutic    Prim&rv  fornt :  Fi>j.  A I ,  witb  n«a 
modiRcations :  u'   :  u  =  133   48' ;   p  i  the  c<lge  between   k'   and 
127^  3»'.     Cleavage   parallel  to  p  and  u.  (G.  Rose.^     Specific  grar 
from  3*5  to  3  6.     Harder  than  apatite.     Transparent,  iridescent.     B*( 
tb«  blovq)ipe  it  swelln  up  sll^btly  and  fowe  at  the  edges  Ui  a  dark  gli 
Dissolves   with  tolenitile  facility  in  liorax,  forming  a  transparent  yelle*  j 
riaai  in  which  the  colour  of  the  titanium  (III.,  486,  C)  does  not  app<«t. 
DnBolves   with  difficulty  in   microcosmic   salt,  the  undissolved  portioa 
lieoomiog      '''      '   to;  in  the  inner  flame,  the  rIsm  aoquires  the  colowj 
which  ia  .  -tic  of  titanium,  more  readily  however  on  tUo  addi^ 

tion  of  tin.     \\  itii  carbonate  of  soda  it  yields  a  turbid  glass.    (Ben*-' 
lius.)     It  ia  decomposed  by  hy<lrochloric  acid,  which  separates  silica  in  % 
Itiilk^form  and  contjiiniug  titanic  acid — the  lime,  together  with  a  por 
tiuii  of  the  titanic  acid,  being  dissolved. 

Klaproth.  Cordn 

P«Ma  St  U<ttmii. 

SCaO  ^.— —       84     ....       32  68         ....         33  32» 

SaO* 93     ,..,      3619         ...          35  28  0 

mO" 80     „..      3113         „..        33  33-3 


CiO.  saiC  +  2(C«0.  TiO^  ?    257 


100-00 


101 


93-J 


Jlotandritf. — Cousista  principally  of  titanic  acid,  silicic  acid,  protoxide 
oerinm,  and  oxido  of  lanthanam,  together  with  potash,  lime,  nug- 
aia,  and  water. 

Other  Compoukds  op  TrrAwrrM. 

Vauqnelin   and    Hecht   did  not  sueoeed  in    alloying    titaniam  with 
arsenic,  lead,  copper,  or  silver;  neither  did  Walchner  succeed  in  alloying 
it  with  tin,  lead,  copper,  or  silver.    According  to  Berzelius  {Poffg.  1,  iil\_ 
titanium,  in  combination  with  other  metals,  \»  oxidized  and  dissolved  br 
acids;  whereas^  when  pare,  it  withstands  their  action. 


M 


i 


NoTK  t«>  page  466. — Wbhier  has  lately  shown  that  the  cnppcr-«)lo(p 
crystals  of  tit^iniiim,  which  occur  pretty  frequently  in  the  slogs  of  b      ^ 
furnaces,  and  have  hitherto  been  supposed  to  consist  of  metallic  titaninm, 
arc  really  composed  of  cyanide  and  nitride  of  titanium.     They  coutatu 
18  per  cent,  of  nitrogen  and  4  per  cent,  of  carbon,  and  are  represented  bj^| 
the  formula:  S 

Ti,C?N  +  3Ti»N   or    TiCy  +  3Ti»N. 

The  titanium  obtained  by  Rose's  method  (/>.  468)  is  likewise  a  nitrido  ( 
titanium,  Ti'N',  containing  28  per  cent  of  nitrogen.  {Compt.  rend.,  Nov 
5,  1849.) 
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The  great  and  daily  increasing  number  of  researches  appearing  every 
year  in  the  different  departments  of  Chemistry  and  the  Allied  Sciences, 
renders  it  difficult  for  individuals  to  obtain,  by  actual  inspection  of  the 
original  sources,  a  complete  survey  of  their  progress. 

The  study  of  one,  or  even  of  several  journals,  does  not  suffice  for  this 
purpose,  the  communications  of  various  investigators  being  distributed 
over  a  large  number  of  periodicals,  and  many  pai>crs,  especially  interesting 
to  the  Chemist,  being  actually  buried  in  publications  chiefly  devoted  to 
other  subjects. 

It  is  evident  that  a  rapid  acquirement  of  an  accurate  knowledge  of  the 
progrBW  made  by  w  extensive  a  Science  oaCbsxav^'r],  vA  ^.^^vt^RRo 
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ception  of  the  connexion  of  the  individual  researches  as  to  their  confirma- 
tion, correction,  or  refutation  of  each  other,  would  be  most  materiaUv 
facilitated  by  an  Annual  Report,  founded  on  the  broadest  possible  scientific 
basis,  and  carried  out  by  men  equal  to  the  task. 

Professor  Licbig,  in  conjunction  vith  several  distinguished  scientific 
nicu,  has  undertaken  the  regular  publication  of  such  an  account.  By  the 
united  activity  of  a  number  of  persons  working  on  a  well-connected  plan, 
it  will  be  possible  to  obtain  a  detailed  account  of  the  researches  published 
during  each  succeeding  year^  soon  after  its  expiration.  The  Report  of 
the  Progress  of  Chemistry  and  the  Allied  Sciences  will  always  be  in  the 
hands  of  the  scientific  public  before  the  middle  of  the  following  year. 

The  labours  in  the  field  of  Chemistry,  including  its  application  to 
Pharmacy,  the  Arts  and  Manufactures,  will  be  reported  with  minute 
accuracy,  it  being  intended  to  insert  a  faithful,  and,  whenever  nccessaT^■,  a 
complete  digest  of  each  investigation. 

The  part  of  the  work  devoted  to  Physics  and  Mineralogy  will  form  a 
complete  synopsis  of  the  literature ;  while  a  detailed  account  will  be  given 
of  such  subjects  as  are  of  particular  importance  to  the  Chemist. 

In  Geology,  which  has  of  late  derived  so  many  advantages  from  the 
progress  of  Chemistry,  the  discussion  will  be  extended  to  all  inquiries 
instituted  on  the  boundary-  line  of  the  two  Sciences. 

The  Annual  Report  aims  at  completeness,  principally  in  the  communi- 
cation of  remits ;  descriptions,  however,  of  methudt,  by  means  of  which 
these  results  may  have  been  obtained,  will-  be  by  no  means  omitted, 
whenever  it  may  apiKtar  conducive  to  the  comprehension  of  the  subject 
or  whenever  the  methods  themselves  are  new. 

One  of  the  principal  objects  will  be  to  treat  sjTioptically  of  the  different 
researches  published  on  the  same  subjects,  and  to  expose  in  a  lucid 
manner  the  relation  existing  between  recent  inquiries,  and  our  actual  store 
of  knowledge ;  it  is  not  intended  to  give  merely  isolated  and  unconnected 
abstrocts  of  the  several  individual  investigations. 

By  experience  and  researches  of  their  own,  the  Authors  of  the  Annual 
Re])ort  will  be  frequently  enabled  to  point  out  such  questions  as  require 
confirmation  or  correction,  or  to  which,  up  to  the  present  moment,  due 
attention  has  not  been  accorded :  criticism  likewise  cannot  altogether  be 
excluded.  y 

This  Series  of  Reports  will  commence  with  Two  Volume^  extending 
over  the  years  1847  and  1848,  which  will  be  published  in  tne  course  of 
1849;  each  future  Report  will  be  limited  to  one  year. 

The  Volumes  for  1847  and  1848  will  appear  in  Five  Parts  demy  8vo. 

Fart  IV.,  Organic  Chemistry,  will  appear  in  December. 
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